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1. 

NITRIDE SEMCONDUCTOR 
LIGHT-EMITTING DEVICES 

This application is a Continuation of application Ser. No. 
11/025,897 filed on Jan. 3, 2005 now U.S. Pat. No. 7,615,804, 
which is a Divisional of prior application Ser. No. 10/601,582 
filed on Jun. 24, 2003 and issued as U.S. Pat. No. 6,849,864 
on Feb. 1, 2005, which is a Divisional of prior application Ser. 
No. 09/714,143 filed on Nov. 17, 2000 and issued as U.S. Pat. 
No. 6,677,619 on Jan. 13, 2004, which was a Continuation of 
prior application Ser. No. 09/004,925, filed on Jan. 9, 1998 
and issued as U.S. Pat. No. 6,172,382 on Jan. 9, 2001, and for 
which priority is claimed under 35 U.S.C. S 120; and this 
application claims priority of Application Nos. 9-001937 
filed in Japan on Jan. 9, 1997: 9-012707 filed in Japan on Jan. 
27, 1997: 9-102793 filed in Japan on Apr. 3, 1997: 9-134210 
filed in Japan on May 26, 1997: 9-244342 filed in Japan on 
Sep. 9, 1997: 9-274438 filed in Japan on Oct. 7, 1997; and 
9-31 1272 filed in Japan on Oct. 27, 1997 under 35 U.S.C. 
S119; the entire contents of all are hereby incorporated by 
reference. 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to a device provided with a nitride 
semiconductor In, AlGaN (0-X, 0 y, x+y=1) including 
light emitting devices such as LED (light emitting diode), LD 
(laser diode) and SLD (super luminescent diode), solar cells, 
light receiving devices such as optical sensors and electronic 
devices such as transistors and power devices. 

BACKGROUND OF THE INVENTION 

Nitride semiconductors have been recently produced as 
materials used for a high bright blue LED and a pure green 
LED, a full color LED display and a traffic signal LED. Such 
LEDs are provided with an active layer of SQW (Single 
Quantum Well) or MQW (Multi Quantum Well) where the 
well layer is made of InGaN and positioned between a p-type 
nitride layer and an n-type nitride layer to form a DH (Double 
Hetero) structure. The wavelength of the blue or green light 
emitting from the active layer depends on a ratio of In in the 
InGaN well layer. 
The inventors have first realized laser emitting by using the 

above nitride materials and reported it in Jpn. J. Appl. Phys. 
35 (1996)L74 and Jpn. J. Appl. Phys. 35 (1996)L217. The 
laser device comprises the DH structure where the active 
layer is MQW having InGaN well layers and showed the 
following data: 

Threshold current: 610 mA: 
Threshold current density: 8.7 kA/m2; 
Wavelength: 410 nm 
(pulse width 2 um and pulse cycle 2 ms) 
The inventors have further improved the laser device and 

reported it in Appl. Phys. Lett. 69 (1996) 1477. The laser 
device comprises a ridge strip structure formed on apart of 
p-type nitride semiconductor and showed the following data. 

Threshold current: 187 mA: 
Threshold current density: 3 kA/m2; 
Wavelength: 410 nm 
(pulse width 2 um, pulse cycle 2 ms and duty ratio: 0.1%) 
The inventors have first succeeded in CW (Continuous 

Wave) Oscillation or Operation at room temperature and 
reported it in Gijutsu-Sokuho of Nikkei Electronics issued on 
Dec. 2, 1996, Appl. Phys. Lett. 69 (1996) and Appl. Phys. 
Lett. 69 (1996) 4056. 
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2 
The laser diode showed a lifetime of 27 hours at 20° C. 

under the threshold current density of 3.6 ka/cm, the thresh 
old voltage of 5.5V and the output of 1.5 mW. 
On the other hand, the blue and green LED of nitrides 

showed a forward current (If) of 20 mA and a forward voltage 
(Vf) of 3.4 to 3.6V which are higher by 2V or more than those 
of red LEDs made of GaAlAs semiconductors. Therefore, 
further decrease of Vf in the blue and green LED was 
required. Additionally, there was required an effective LD 
which can decrease the threshold current and Voltage to get a 
longer lifetime of CW operation at room temperature, 
because the conventional LD still had a higher threshold 
current and Voltage. 
The inventors have gotten the idea that technology of 

decreasing the threshold in LDs was applicable to LEDs in 
order to decrease the Vf. Therefore, a first object of the 
present invention is to decrease the threshold current and 
Voltage of nitride semiconductor LDS and realize a longer 
lifetime of CW operation. 

In the specification, it should be understood that the general 
formulae: In, GaN and Al GaN show chemical atoms 
which compose of nitride layers and therefore, even if differ 
ent layers are represented by the same formula, the different 
layers do not necessarily have the same composition, that is, 
the same X or y does not mean the same ratio. 

DISCLOSURE OF THE INVENTION 

According to a first aspect of the present invention, there is 
provided a nitride semiconductor device comprising a p-type 
region comprising one or more p-conductivity semiconductor 
layers of nitride, a n-type region comprising one or more 
n-conductivity semiconductor layers of nitride and an active 
layer of a nitride semiconductor which is positioned between 
said p type region and said in type region, at least one layer of 
said p type region being a Super lattice layer comprising first 
thin layers of nitride and second thin layers of nitride, said 
first layers having different composition from those of said 
second layers and the first and second thin layers being lami 
nated alternately. 
The super lattice structure can make the nitride layers 

improved in crystallinity and then make the nitride layers 
decreased in resistivity, resulting in Smaller resistance of the 
p-type region and higher power efficiency of the device. 

In the present invention, the p-type region means a region 
comprising one or more nitride semiconductor layers 
between an active layer and a p-electrode while the n-type 
region means a region comprising one or more nitride semi 
conductor layers between the active layer and an n-electrode. 

According to a second aspect of the present invention, there 
is provided a nitride semiconductor device having an active 
layer made of a nitride semiconductor between the n-type 
region of one or more nitride semiconductor layers and the 
p-type region of one or more nitride semiconductor layers, at 
least one semiconductor layer in the p-type region or the 
n-type region is a Super lattice layer made by laminating first 
layers and second layers which are made of nitride semicon 
ductor, respectively, and have different constitutions from 
each other. 
The super lattice structure can make the nitride layers 

improved in crystallinity and then make the nitride layers 
decreased in resistivity, resulting in Smaller resistance of the 
n-type region and higher power efficiency of the device. 

In a preferred embodiment of the first and second nitride 
semiconductor devices, the Super lattice layer is made by 
laminating first layers which is made of a nitride semicon 
ductor and has a thickness of not more than 100 angstroms 



US 8,541,794 B2 
3 

and second layers which is made of a nitride semiconductor 
having different constitutions from the first layer and has a 
thickness of not more than 100 angstroms. 

In order to keep or confine carriers in the active layer, at 
least one of the first and second layers is preferably made of 
a nitride semiconductor containing Al, especially AlGa-N 
(0<Ys 1). 

In a second preferred embodiment of the first and second 
nitride semiconductor devices, for the super lattice, the first 
layer is preferably made of a nitride semiconductor repre 
sented by the formula InGaN (0sXs 1) and the second 
layer is preferably made of a nitride semiconductor repre 
sented by the formula AlGaN (0sYs 1, X=Yz0). 
According to the second embodiment, all the nitride layers 
have a good crystallinity, which results in improving output of 
the nitride semiconductor device (improvement of power effi 
ciency). In LED or LD devices, the forward voltage (herein 
after referred to Vf) and also the threshold current and voltage 
can be lowered. In order to form a nitride layer having better 
crystallinity in the first and second semiconductor device, it is 
further recommendable that first layers of the super lattice 
structure are made of a nitride semiconductor represented by 
the formula InGaN (0sX-1) and said second layer is 
made of a nitride semiconductor represented by the formula 
AlGaN (0sYs 1). 

In the above first and second semiconductor devices, it is 
preferable that the first layer and the second layer are made of 
a nitride semiconductor and have a thickness of not more than 
70, especially 40 angstroms, respectively, while said first 
layer and said second layer have a thickness of not less than 
10, especially 5 angstroms, respectively. The thickness within 
the above range makes it easy to form AlGai (0<Ys1), 
which layer is otherwise difficult to be formed with a good 
crystallinity. Especially, in case that the Super lattice layer can 
be made as at least one layer of the p-type region between the 
p-electrode and the active layer and also as at least one layer 
of the n-type semiconductor region between the n-contact 
layer for current charging and the active layer, it is recom 
mendable to get better effect that thickness of the first and 
second layer should be set within the above range. 

In the above embodiment of the first and second nitride 
semiconductor devices, the p-type region is preferably pro 
vided with a p-side contact layer having a thickness of not 
more than 500 angstroms, on which the p-electrode is to be 
formed. More preferably, the p-side contact layer has a thick 
ness of not more than 300 angstroms and not less than 10 
angStroms. 

In the second nitride semiconductor device of the present 
invention, wherein the p-type region is provided with a p-side 
contact layer on which the p-electrode is to be formed, the 
super lattice layer is preferably formed between the active 
layer and the p-side contact layer. 

Further, in the second nitride semiconductor device of the 
present invention, the n-type region may comprise a second 
buffer layer made of a nitride semiconductor which has a 
thickness of not less than 0.1 um via a first buffer layer on the 
Substrate, an n-side contact layer made of a nitride semicon 
ductor doped with an n-type impurity on said second buffer 
layer, and an n-electrode being formed on the n-side contact 
layer. This construction makes the n-side contact layer have 
higher carrier concentration and good crystallinity. In order to 
make the n-side contact layer have much better crystallinity, 
it is preferable that the concentration of the impurity in second 
buffer layer is lower than that in said n-side contact layer. 
Further, it is preferable that at least one of the first and second 
buffer layers is a Super lattice layer made by laminating 
nitride semiconductor layers of different constitutions with a 
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4 
thickness of not more than 100 angstroms in order to make a 
nitride layer formed on the buffer layer and have a good 
crystallinity. 

In the second nitride semiconductor device, wherein the 
n-type region has a n-side contact layer on which a n-elec 
trode is to be formed, the super lattice layer is preferably 
formed between the active layer and the n-side contact layer. 
In the LD device, the layer formed between the active layer 
and the n-side contact layer or between the active layer and 
the p-side contact layer may be a cladding layer acting as a 
carrier keeping layer or a light guide layer, which is prefer 
ably made of the super lattice structure. Thereby, the super 
lattice structure can remarkably decrease the threshold cur 
rent and Voltage. Especially, if the p-cladding layer between 
the active layer and the p-side contact layer, the p-cladding 
layer of the Superlattice structure is advantageous to lower the 
threshold current and Voltage. In the second nitride semicon 
ductor device of the present invention, it is preferable that at 
least one of said first layer and said second layer is doped with 
an impurity which makes the conductivity of the layer n-type 
or p-type and the impurity concentration doped to the first 
layer and the second layer to make the conductivity of the 
layers n-type or p-type, are different from each other. The 
impurity for making the conductivity of the layer includes 
n-impurities belonging to IV-A, IV-B. VI-A and VI-B groups 
and p-impurities belonging to I-A, I-B, II-A, II-B groups 
(hereinafter referred to n-impurity and p-impurity). 

In the second nitride semiconductor device of the present 
invention, the Super lattice layer may be formed as the n-side 
contact layer on which the n-electrode is to be formed, 
whereby the resistance of n-side contact layer can be lowered, 
resulting in further decreasing of the threshold current and 
voltage in LD devices. 

In the LD devices provided with the first or second nitride 
semiconductor device of the present invention, if the laser 
device has a Super lattice layer in the p-type region, a ridge 
portion may be formed on the Supper lattice layer and on the 
layer located over said Super lattice layer in a manner that the 
longitudinal direction of the ridge portion coincides with the 
direction of resonance and the ridge has a predetermined 
width. 

In a preferred first laser diode of the present invention, 
which comprises an active layer in which laser is emitted 
between the n-type region including a n-side cladding layer 
and the p-type region including a p-side cladding layer, the 
n-side cladding layer may be a Super lattice layer made by 
laminating first layers made of a nitride semiconductor hav 
ing a thickness of not more than 100 angstroms and second 
layers made of a nitride semiconductor of a different consti 
tution from the first layer and having a thickness of not more 
than 100 angstroms, and said p-side cladding layer may be a 
Super lattice layer made by laminating a third layer made of a 
nitride semiconductor having a thickness of not more than 
100 angstroms and a fourth layer made of a nitride semicon 
ductor of a different constitution from the third layer and 
having a thickness of not more than 100 angstroms. Due to 
this, during laser emission the threshold current and Voltage 
can be lowered. In this case, the ridge portion may be formed 
on said p-side cladding layer and on the layer located over 
said p-side cladding layer in a manner that the longitudinal 
direction of the ridge coincidences with the direction of reso 
nance and the ridge has a desired width. 

According to a third aspect of the present invention, there is 
provided a third nitride semiconductor device which com 
prises an active layer made of a nitride semiconductor 
between a n-type region of one or more nitride semiconductor 
layers and a p-type region of one or more nitride semicon 
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ductor layers, wherein at least one nitride semiconductor 
layer in the n-type region is a n-side Super lattice made by 
laminating first and second nitride semiconductor layers 
which have different constitutions and different concentra 
tions of a n-type impurity from each other. Due to this con 
struction, the nitride semiconductor layer made of the Super 
lattice structure makes the electrical resistance thereof 
Smaller and thus the total resistance of the n-type region can 
be smaller. 

According to a fourth aspect of the present invention, there 
is provided a nitride semiconductor device comprising an 
active layer made of a nitride semiconductor between the 
n-type region of one or more nitride semiconductor layers and 
the p-type region of one or more nitride semiconductor layers, 
characterized in that at least one nitride semiconductor layer 
in the p-type region is a p-side Super lattice made by laminat 
ing third and fourth nitride semiconductor layers which have 
different constitutions and different concentrations of a 
p-type impurity from each other. The Super lattice structure 
can make the nitride semiconductor layer comprising the 
Super lattice structure have a lower resistance and then total 
resistance of the p-type region can be decreased. 

Please note that the first and second and the third and fourth 
of layers does not mean the laminating order in the specifi 
cation. 

According to a fifth aspect of the present invention, there is 
provided a nitride semiconductor device comprising an active 
layer made of a nitride semiconductor between the n-type 
region of one or more nitride semiconductor layers and the 
p-type semiconductor region of one or more nitride semicon 
ductor layers, characterized in that at least one nitride semi 
conductor layer in the n-type region is a n-side Super lattice 
made by laminating the first and second nitride semiconduc 
tor layers which have different constitutions and different 
concentrations of a n-type impurity from each other, and at 
least one nitride semiconductor layer in p-type region is a 
p-side Super lattice made by laminating the third and fourth 
nitride semiconductor layers which have different constitu 
tions and different concentrations of a p-type impurity from 
each other. The Super lattice structure can make the resistance 
of the nitride semiconductor comprising Super lattice struc 
ture Smaller and thus total resistance of the p-type region can 
be decreased. 

In a case that the third and fifth semiconductor devices are 
devices of optoelectronics Such as light emitting devices and 
light receiving devices, the n-side Super lattice layer may be 
formed as at least one of the group consisting of a buffer layer 
formed on the Substrate, an-side contact layer for n-electrode, 
n-side cladding layer for confining or keeping carriers and 
n-side light guide layer for guiding emission from the active 
layer. On the other hand, in the fourth and fifth semiconductor 
device, the p-side Superlattice layer may be formed as at least 
one selected from the group consisting of the p-side contact 
layer, the p-side cladding layer for confining carriers and the 
p-side wave guide layer for guiding emission from the active 
layer. 

In the third and fifth semiconductor devices of the present 
invention, for the n-side super lattice layer, the first nitride 
semiconductor layer having a higher band gap may have a 
larger or Smaller concentration of the n-type impurity than the 
second nitride semiconductor layer having a lower band gap. 
The larger impurity concentration of the first layer than that of 
the second layer makes carrier generate in the first layer 
having a higher bandgap and then the carrier injected into the 
second layer having a lower band gap to move the carrier 
through the second layer having a smaller impurity concen 
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6 
tration and a larger mobility. Therefore, this construction 
makes the n-side Super lattice layer decreased in electrical 
resistance. 

In a case that the impurity concentration of the first layer is 
relatively larger than that of the second layer, the first layer of 
the Super lattice layer in the first semiconductor device may 
decrease the nor p-impurity concentration at a part close to 
the second layer comparing with that at apart remote from the 
second layer, which prevents the carrier moving through the 
second layer from Scattering by the impurity at the part close 
to the second layer, resulting in increase of mobility of the 
second layer and thus lowering of the resistance of the Super 
lattice layer. 

In the embodiment of the third and fifth nitride semicon 
ductor devices, if the n-impurity concentration in the first 
layer having a higher bandgap becomes larger, it is preferable 
that the n-impurity concentration in the first layer ranges 
between 1x10''/cm and 1x10'/cm and then-impurity con 
centration in the second layer is smaller than that of the first 
layer and not more than 1x10'/cm. The n-impurity concen 
tration in the second layer having a smaller band gap is 
preferably not more than 1x10"/cm, more preferably not 
more than 1x10'7/cm. From the aspect of increasing the 
mobility of the second layer, a smallern-impurity concentra 
tion is better and an undoped layer or intentionally not doped 
layer is most preferable. 

If the impurity concentration of the first layer is smaller 
than that of the second layer, it is preferable that the n-impu 
rity concentration of the second layer is Smaller at a part close 
to the first layer than that at a part remote from the first layer. 
For example, it is preferable that then-impurity concentration 
in the first layer is not more than 1x10'/cm and the n-im 
purity in the second layer ranges between 1x10'7/cm and 
1x10'/cm. The n-impurity concentration in the first layer 
having a smaller bandgap is preferably not more than 1x10"/ 
cm, more preferably not more than 1x10'/cm. The most 
preferable first layer is an undoped layer or intentionally not 
doped layer. 

In order to forman n-side Super lattice layer having a good 
crystallinity in the third and fifth semiconductor device, the 
first nitride semiconductor layer may be made of AlGa-N 
(0<Y<1) capable of forming a relatively higher band gap 
layer having a good crystallinity and the second nitride semi 
conductor layer may be made of InGaN (0sX<1), 
capable of forming a relatively smaller bandgap layer having 
a good crystallinity. The best second layer of the super lattice 
layer in the third and fifth semiconductor devices, is a GaN 
layer. This construction is advantageous in manufacturing the 
Super lattice layer because the same atmosphere can be used 
to form the first layer (AlGaN) and the second layer 
(GaN). 

In the third and fifth nitride semiconductor devices, the first 
nitride semiconductor layer may be made of AlGaN 
(0<X<1) and the second nitride semiconductor layer may be 
made of AlGaN (0<Y<1, X-Y). In this case, further, the 
first nitride semiconductor layer or said second nitride semi 
conductor layer is preferably not doped with a n-type impu 
rity. 

In the fourth and fifth semiconductor devices of the present 
invention, for the p-side super lattice layer, the third nitride 
semiconductor layer having a higher band gap may have a 
larger or Smaller concentration of the p-type impurity than 
that of the fourth nitride semiconductor layer having a smaller 
band gap. The larger impurity concentration of the third layer 
than that of the fourth layer makes carriers generate in the 
third layer having a higher band gap, and the carriers injected 
into the fourth layer having a smaller band gap to move the 
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injected carriers through the fourth layer having a smaller 
impurity concentration and a larger mobility, resulting in 
decreasing the Super lattice resistance. 

Further, in the fourth and fifth semiconductor devices of the 
present invention, it is preferable that a part of the third nitride 
semiconductor layer which is close to the fourth nitride semi 
conductor layer has a lower concentration of the p-type impu 
rity than a part remote or farther from the fourth nitride 
semiconductor layer, which prevents the carrier moving 
through the fourth layer from scattering by the impurity at the 
part close to the fourth layer, resulting in increase of mobility 
of the fourth layer and thus further lowering of the resistance 
of the super lattice layer. 

In the embodiment of the fourth and fifth nitride semicon 
ductor devices, if the n-impurity concentration in the third 
layer becomes larger than that in the fourth layer, it is prefer 
able that the n-impurity concentration in the third layer hav 
ing a larger bandgap ranges between 1x10"/cm and 1x10'? 
cm and the p-impurity concentration in the fourth layer is 
smaller than that of the third layer and not more than 1x10'? 
cm. The p-impurity concentration in the fourth layer having 
a smaller band gap is preferably not more than 1x10'/cm, 
more preferably not more than 1x10"/cm. From the aspect 
of increasing the mobility of the second layer, a smaller 
n-impurity concentration is better and an undoped layer or 
intentionally not doped layer is most preferable. 

In the fourth and fifth nitride semiconductor, if the impurity 
concentration of the third layer is smaller than that of the 
fourth layer, it is preferable that the p-impurity concentration 
of the fourth layer is smaller at a part close to the third layer 
than that at a part remote from the third layer. For example, it 
is preferable that the p-impurity concentration in the first 
layer is not more than 1x10'/cm and the n-impurity in the 
second layer ranges between 1x10"/cm and 1x10''/cm. 
The n-impurity concentration in the third layer having a 
smaller band gap is preferably not more than 1x10'/cm, 
more preferably not more than 1x10"/cm. The most prefer 
able first layer is an undoped layer or intentionally not doped 
layer. 

In order to form a Super lattice layer having a good crys 
tallinity in the fourth and fifth semiconductor device, the third 
nitride semiconductor layer may be made of AlGaN 
(0<Y<1) capable of forming a relatively higher band gap 
layer having a good crystallinity and the fourth nitride semi 
conductor layer may be made of InGaN (0sX-1). The 
best fourth layer of the super lattice layer in the third and fifth 
semiconductor devices, is a GaN layer. This construction is 
advantageous in manufacturing the Super lattice layer 
because the same atmosphere can be used to form the third 
layer (AlGaN) and the fourth layer (GaN). 

In the fourth and fifth nitride semiconductor devices, the 
third nitride semiconductor layer may be made of AlGaN 
(0<X<1) and the fourth nitride semiconductor layer may be 
made of AlGaN (0<Y<1, X>Y). In this case, further, the 
third nitride semiconductor layer or the fourth second nitride 
semiconductor layer is preferably not doped with a n-type 
impurity. 

In the fifth nitride semiconductor, for the n-side super 
lattice layer, the first nitride semiconductor layer may be 
provided with a higher band gap energy and a larger concen 
tration of the n-type impurity than the second nitride semi 
conductor layer, and for the p-side super lattice layer, the third 
nitride semiconductor layer may be provided with a higher 
band gap energy and a larger concentration of the p-type 
impurity than the fourth nitride semiconductor layer. In this 
case, it is preferable that the concentration of the n-type 
impurity in the first nitride semiconductor layer ranges 
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8 
between 1x10'7/cm and 1x10'/cm and the concentration 
of the n-type impurity in the second nitride semiconductor 
layer is not more than 1x10'/cm, and the concentration of 
the p-type impurity in the third nitride semiconductor layer 
ranges between 1x10"/cm and 1x10/cm and the concen 
tration of the p-type impurity in the fourth nitride semicon 
ductor layer is not more than 1x10"/cm. 

Further, in the fifth nitride semiconductor device, for the 
n-side Super lattice layer, the first nitride semiconductor layer 
may be provided with a higher band gap energy and a larger 
concentration of the n-type impurity than said second nitride 
semiconductor layer, and for the p-side Super lattice layer, the 
third nitride semiconductor layer may be provided with a 
higher band gap energy and a smaller concentration of the 
p-type impurity than the fourth nitride semiconductor layer. 
In this case, it is preferable that the concentration of the n-type 
impurity in the first nitride semiconductor layer ranges 
between 1x10'7/cm and 1x10'/cm and the concentration 
of the n-type impurity in the second nitride semiconductor 
layer is not more than 1x10'/cm, and the concentration of 
the p-type impurity in the third nitride semiconductor layer is 
not more than 1x10'/cm and the concentration of the p-type 
impurity in the fourth nitride semiconductor layer ranges 
between 1x10"/cm and 1x10'/cm. 

Furthermore, in the fifth nitride semiconductor device, for 
the n-side super lattice layer, the first nitride semiconductor 
layer may be designed to have a higher band gap energy and 
a smaller concentration of the n-type impurity than the second 
nitride semiconductor layer, and for the p-side Super lattice 
layer, the third nitride semiconductor layer may be designed 
to have a higher bandgap energy and a larger concentration of 
the p-type impurity than the fourth nitride semiconductor 
layer. In this case, it is preferable that the concentration of the 
n-type impurity in the first nitride semiconductor layer is not 
more than 1x10'/cm and the concentration of the n-type 
impurity in the second nitride semiconductor layer ranges 
between 1x10'7/cm and 1x10'/cm, and the concentration 
of the p-type impurity in the third nitride semiconductor layer 
ranges between 1x10"/cm and 1x10/cm and the concen 
tration of the p-type impurity in the fourth nitride semicon 
ductor layer is not more than 1x10"/cm. 

Further, in the fifth nitride semiconductor device, for the 
n-side Super lattice layer, the first nitride semiconductor layer 
may be designed to have a higher band gap energy and a 
Smaller concentration of the n-type impurity than the second 
nitride semiconductor layer, and for the p-side Super lattice 
layer, the third nitride semiconductor layer may be designed 
to have a higher band gap energy and a smaller concentration 
of the p-type impurity than the fourth nitride semiconductor 
layer. In this case it is preferable that the concentration of the 
n-type impurity in the first nitride semiconductor layer is not 
more than 1x10'/cm and the concentration of the n-type 
impurity in the second nitride semiconductor layer ranges 
between 1x10'7/cm and 1x10'/cm, and the concentration 
of the p-type impurity in the third nitride semiconductor layer 
is not more than 1x10'/cm and the concentration of the 
p-type impurity in the fourth nitride semiconductor layer 
ranges between 1x10"/cm-1x10/cm. 

Furthermore, in the fifth nitride semiconductor device, for 
the n-side super lattice layer, the first nitride semiconductor 
layer may be made of AlGaN (0<Y<1) and the second 
nitride semiconductor layer may be made of InGaN 
(0sX-1), and for the p-side super lattice layer, the third 
nitride semiconductor layer may be made of AlGa-N 
(0<Y<1) and the fourth nitride semiconductor layer may be 
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made of InGaN (0sX-1). In this case, it is preferable that 
the second and fourth nitride semiconductor layers are made 
of GaN. respectively. 

Further, in the fifth nitride semiconductor device, for the 
n-side Super lattice layer, the first nitride semiconductor layer 
may be made of AlGaN (0<X-1) and the second nitride 
semiconductor layer is made of AlGaN (0<Y<1, XCY), 
and for the p-side super lattice layer, the third nitride semi 
conductor layer may be made of AlGaN (0<X<1) and the 
fourth nitride semiconductor layer may be made of 
AlGaN (0sYs 1, X>Y). 

Furthermore, in the fifth nitride semiconductor device, it is 
preferable that the first nitride semiconductor layer or the 
second nitride semiconductor layer is an undoped layer to 
which a n-type impurity is not doped. It is also preferable that 
the third nitride semiconductor layer or the fourth nitride 
semiconductor layer is an undoped layer which is not doped 
with a p-type impurity. 

In the third, fourth and fifth nitride semiconductor device, 
the active layer preferably includes a InGaN layer. The InGaN 
layer in the active layer is preferably in a form of a quantum 
well layer. The active layer may be SQW or MQW. 

According to the present invention, there is provided a 
second nitride semiconductor LD device comprising an 
active layer between a p-side cladding layer and a n-side 
cladding layer, and 

at least one of the p-side and the n-side cladding layers is 
the n-side Super lattice layer or the p-side Super lattice layer 
respectively. The LD device can operate at a lower threshold 
current. In the second LD device, it is preferable that an 
optical wave guide layer made of a nitride semiconductor 
containing. In or GaN which has an impurity concentration of 
not more than 1x10'/cm, the optical waveguidelayer being 
formed at least either between the p-side cladding layer and 
the active layer or between the p-side cladding layer and the 
active layer. In this case, the wave guide can prevent the 
emission generated from disappearing due to a low absorp 
tion rate of the optical wave guide, which causes a LD device 
capable of waving at a low gain. In this case, in order to further 
decrease the light absorption rate, it is more preferable that 
the impurity concentration of the waveguidelayer is not more 
than 1x10"/cm, especially not more than 1x10'7/cm. The 
most preferable layer is an undoped one. The optical wave 
guide layer may be made of the Super lattice structure. 

Furthermore, it is recommendable that there is provided 
with a cap layer made of a nitride semiconductor between the 
optical wave guide layer and the active layer. It is preferable 
that the cap layer having a higher band gap energy than the 
well layer in the active layer and also the optical wave guide 
layer and having a thickness of not more than 0.1 um is 
formed between said optical wave guide layer and said active 
layer. It is more preferable that the cap layer contains an 
impurity of not less than 1x10"/cm. The cap layer can make 
a leak current lowered because of a higher band gap. It is 
effective that the optical wave guide layer and cap layer are 
formed in the p-type region or the semiconductor region of 
p-conductivity side. 
The third to the fifth nitride semiconductor devices of the 

present invention may be preferably formed on a nitride semi 
conductor Substrate. The nitride semiconductor Substrate can 
be prepared by a method of growing a nitride semiconductor 
layer on an auxiliary Substrate made of a material other than 
nitride semiconductor, forming a protective film on the grown 
nitride semiconductor layer so as to expose partially the Sur 
face thereof, thereafter growing a nitride semiconductor layer 
to cover the protective film from the exposed nitride semicon 
ductor layer. The nitride semiconductor Substrate can make it 
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10 
better the crystallinity of every layers in the third to the fifth 
nitride semiconductor device. In this case, the auxiliary Sub 
strate and the protective film can be removed from the nitride 
semiconductor substrate before or after the device layers are 
formed on the nitride semiconductor substrate. The cap layer 
had better be formed in the p-type region. 

In a preferred embodiment of the LD device according to 
the present invention, wherein p-side cladding layer is a Super 
lattice layer, it is preferable that a ridge portion is formed on 
the p-side cladding layer and on the layer located over the 
p-side cladding layer in a manner that the longitudinal direc 
tion of the ridge portion coincides with the direction of reso 
nance and the ridge has a predetermined width. 

According to a sixth aspect of the present invention, there 
is provided a nitride semiconductor light emitting device 
comprising an active layer including a first nitride semicon 
ductor layer containing. In between a n-side cladding layer 
and a p-side cladding layer, characterized in that the n-side 
cladding layer is a Super lattice layer comprising a second 
nitride semiconductor layer containing Al and has a total 
thickness of not less than 0.5 um and an average composition 
of Al in said n-side cladding layer is set in a way that the 
product of said average Al composition in 96 contained in said 
n-side cladding layer multiplied by the thickness inum of said 
n-side cladding layer is not less than 4.4. This causes the 
optical confinement effect by the n-side cladding layer 
improved, resulting in a long lifetime and a high responsibil 
ity of the LD device due to a lower wave oscillation threshold. 

In an embodiment of the LD device formed on the sub 
strate, wherein the n-side cladding layer is usually formed at 
a part close to the Substrate in the n-type region, if the con 
finement effect of the light is not sufficient, the light leaked 
through the n-side cladding layer is reflected by the substrate, 
resulting in disturbing shapes of far and near field pattern Such 
as observation of multi-spots of laser beam. However, the 
n-side cladding layer in the sixth nitride semiconductor 
device, makes the light confinement effect improved, which 
prevent the near and far field patterns from being disturbed, 
that is, which can make a single laser spot. 

In a preferred embodiment of the sixth nitride semiconduc 
tor device of the present invention, the n-side cladding layer 
has a thickness of not less than 0.8 um and an average Al 
composition of not less than 5.5%. In a more preferable 
embodiment, the n-side cladding layer has a thickness of not 
less than 1.0 um and an average Al composition of not less 
than 5%. In a most preferable embodiment, the n-side clad 
ding layer has a thickness of not less than 1.2 Lum and an 
average Al composition of not less than 4.5%. 

In the sixth nitride semiconductor device, it is preferable 
that the p-side cladding layer is a Super lattice layer compris 
ing a third nitride semiconductor layer containing Al and has 
a thickness Smaller than said n-side cladding layer. More 
preferably, the p-side cladding layer has a thickness of less 
than 1.0 Lum and the thickness of the n-side cladding layer and 
said p-side cladding layer including said active layer is set to 
range between 200 angstroms and 1.0 Lum. 

BRIEF EXPLANATION OF THE DRAWING 

FIG. 1 is a schematic sectional view of the nitride semi 
conductor device (LED) structure of the first embodiment 
according to the present invention, 

FIG. 2 is a schematic sectional view of the nitride semi 
conductor device (LD) structure of the second embodiment 
according to the present invention, 
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FIG. 3 is a schematic sectional view of the nitride semi 
conductor device (LD) structure of the third embodiment 
according to the present invention, 

FIG. 4 is a perspective view of the LD shown in FIG. 5, 
FIG. 5 is a graph showing the relation between the thick 

ness of the p-side contact layer and the threshold Voltage in 
Example 1 of the present invention, 

FIG. 6 is a schematic sectional view of the LD in Example 
26 of the present invention, 

FIG. 7 is a schematic sectional view of the LD in Example 
28 of the present invention, 

FIG. 8 is a schematic sectional view of the LD in Example 
33 of the present invention, 

FIG. 9 is a schematic view of the nitride semiconductor 
device (LD) structure of the fourth embodiment according to 
the present invention. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

Preferred embodiments of the nitride semiconductor 
device according to the present invention will now be 
described below with reference to the accompanying draw 
ings. 

Embodiment 1 

FIG. 1 is a schematic cross sectional view showing the 
configuration of the nitride semiconductor device according 
to the first embodiment of the present invention. The nitride 
semiconductor device is an LED device having Such a basic 
configuration as a buffer layer 2 made of GaN, an n-side 
contact layer 3 made of Si-doped n-type GaN, an active layer 
4 made of InGaN of single quantum well structure, a p-side 
cladding layer 5 made of a Super lattice layer comprising a 
first layer and a second layer of different constitutions being 
laminated, and a p-type contact layer 6 made of Mg-doped 
GaN are laminated successively on a substrate 1 made of 
sapphire. In the nitride semiconductor device of the first 
embodiment, nearly entire Surface of the p-side contact layer 
6 is covered with a planar electrode 7 formed thereon which 
is provided with a p electrode 8 for the purpose of bonding 
installed on the surface thereof, while an in electrode 9 is 
installed on the surface of the n-side contact layer 2 which is 
exposed by removing a part of nitride semiconductor layer by 
etching. The planar electrode 7 allows light to transmit. 
The nitride semiconductor device of the first embodiment 

has the p-type cladding layer 5 having a low resistance and 
comprising a Super lattice layer made by laminating the first 
layer which is made of AlGaN (0sYs 1) doped with Mg 
as a p-type impurity, for example, and has a thickness of 30 
angstroms, and a second layer which is made of p-type 
AlGaN (0sYs 1) doped with the same amount of Mg as 
in the first layer as the p-type impurity and has a thickness of 
30 angstroms, and therefore Vf can be made lower. When the 
super lattice layer is formed on the player side as described 
above, the Super lattice layer is rendered p-type conductivity 
by doping the first layer and/or the second layer with a p-type 
impurity such as Mg., Zn, Cd, Be, etc. The first layer and the 
second layer may be laminated either in the order of 1st, 2nd, 
1st and so on, or in the order of 2nd, 1st, 2nd and so on, 
provided that at least two layers are laminated. 
The first layer and the second layer which is made of the 

nitride semiconductor and constitute the Super lattice layer 
are not limited to the layer made of InGaN (0sXs 1) and 
the layer made of AlGaN (0sYs 1), and may be other 
layers provided that they are made of nitride semiconductors 
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of different constitutions. The first layer and the second layer 
may or may not have the same bandgap energy. For example, 
when the first layer is made of InGaN (0sYs 1) and the 
second layer is made of AlGaN (0<Ys 1), band gap 
energy of the second layer becomes higher than that of the 
first layer, although when the first layer is made of InGaN 
(0sXs 1) and the second layer is made of InAl-N 
(0szs 1), the first layer and the second layer may be of 
different constitutions but have the same band gap energy. 
Also when the first layer is made of AlGaN (0sYs 1) and 
the second layer is made of InAl-N (0<Zs 1), the first layer 
and the second layer may be of different constitutions but 
have the same band gap energy. 

That is, according to the present invention, the first layer 
and the second layer may or may not have the same band gap 
energy, provided that they constitute a Super lattice layer 
which has a function to be described later. As described 
above, the super lattice layer referred to herein is a layer made 
by laminating extremely thin layers of different constitutions, 
which is free from lattice defects accompanying lattice mis 
match, because every layer is very thin, having broad impli 
cations including the quantum well structure. Although the 
Super lattice layer does not have inner defects, it usually has a 
strain accompanying lattice mismatch, and is hence called 
also a stained layer Super lattice. According to the present 
invention, the first layer and the second layer remain to be 
nitride semiconductors as long as they include N even when 
part of N (nitrogen) atoms are substituted with V group ele 
ments such as AS and P. 

According to the present invention, because the thickness 
of the first layer and the second layer which constitute the 
super lattice layer reaches the elastic strain limit or greater 
when it is greater than 100 angstroms, and microscopic cracks 
or crystal defects are likely to be generated in the film, and 
therefore the thickness is preferably set to within 100 ang 
stroms. Lower limit of the thickness of the first layer and the 
second layer is not limited and may be of any value provided 
that it is monoatomic layer or thicker. According to the first 
embodiment, the first layer and the second layer are prefer 
ably 70 angstroms or thinner to obtain better quality of crystal 
and, more preferably, further thinner in a range from 10 
angstroms to 40 angstroms. According to the present inven 
tion, although the thickness may be 10 angstroms or less (for 
example, monoatomic layer or diatomic layer), setting the 
thickness within 10 angstroms leads to lamination of too 
many layers in case a cladding layer having the thickness of 
500 angstroms or greater is formed in Super lattice structure, 
for example, resulting in longer forming time and increased 
labor in the manufacturing process. Thus the first layer and 
the second layer are preferably set to be thicker than 10 
angStroms. 

In the case of the nitride semiconductor device of the first 
embodiment shown in FIG. 1, the p-type cladding layer 5 
made of super lattice layer is formed between the active layer 
4 and the p-side contact layer 6 which is a current injection 
layer, and functions as a carrier trapping layer. When a Super 
lattice layer is used as a carrier trapping layer in this way, 
mean band gap energy of the Super lattice layer must be 
higher than that of the active layer. In a nitride semiconductor 
device, therefore, a nitride semiconductor which includes Al 
in such a form as AlN, AlGaN or InAIN having relatively high 
band gap energy is used as a carrier trapping layer. Among 
Such layers, AlGaN has a tendency to develop cracks during 
crystal growing process when grown to be thick as a single 
layer. 

In the first embodiment, therefore, a super lattice layer 
having less cracks with excellent quality of crystal is formed 
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and used as a cladding layer having a high bandgap energy, by 
making at least one of the first layer and the second layer from 
a nitride semiconductor which includes at least Al, preferably 
AlGaN (0<Ys 1), and growing the first layer and the 
second layer alternately with the thickness within the elastic 
strain limit. 

In this case, when a nitride semiconductor layer which does 
not include Al is grown as the first layer to the thickness 
within 100 angstroms and the second layer made of a nitride 
semiconductor which includes Al is grown thereon, the first 
layer also functions as a buffer layer when growing the second 
layer so that cracks are less likely to develop in the second 
layer, making it possible to form a Super lattice layer which 
has less cracks with excellent quality of crystal. Thus accord 
ing to the first embodiment, it is desirable that the Super lattice 
layer beformed from the first layer (the second layer) made of 
In GaN (0sXs 1) and the second layer (the first layer) 
made of AlGaN (0sYs 1, XzY=0). 

Also in the nitride semiconductor device of the first 
embodiment, at least one of the first layer and the second layer 
which constitute the p-side cladding layer 5, that is the super 
lattice layer, is preferably doped with a p-type impurity which 
makes the conductivity of the layer p-type, for the purpose of 
adjusting the carrier concentration. In case the first layer and 
the second layer are doped with a p-type impurity, the first 
layer and the second layer may be doped in different concen 
trations. This is because, when the first layer and the second 
layer are doped in different concentrations, carrier concentra 
tion in one of the layers becomes Substantially higher, thus 
making it possible to decrease the resistance of the Super 
lattice layer as a whole. Thus according to the present inven 
tion, the first layer and the second layer may be doped in 
different concentrations, or alternatively, only one of the first 
layer and the second layer may be doped. 

Concentrations of the impurity doped in the first layer and 
the second layer are preferably controlled in a range from 
1x10"/cm to 1x10/cm, more preferably from 1x10'7/ 
cm to 1x10/cm, and most preferably from 1x10"/cm to 
2x10'/cm in the case of p type impurity, although the 
present invention is not limited to this configuration. This is 
because, when impurity concentration is lower than 1x10"/ 
cm, it becomes difficult to obtain the effect of reducing Vf 
and the threshold Voltage and, when impurity concentration is 
higher than 1, 10°/cm, quality of crystal of the super lattice 
layer deteriorate. Concentration of n type impurity is also 
desired to be controlled within a similar range, for the same 
CaSO. 

The super lattice layer constituted as described above is 
formed by laminating the first layer and the second layer 
alternately with the thickness within the elastic strain limit, 
and therefore lattice defects of the crystal can be reduced and 
microscopic cracks can be reduced, thus improving the qual 
ity of crystal drastically. As a result, the amount of impurity 
doped can be increased thereby increasing the carrier concen 
trations in the n-type nitride semiconductor layer and in the 
p-type nitride semiconductor layer without Substantially 
deteriorating the quality of crystal, thus allowing the carrier to 
move without being scattered by crystal defects, and there 
fore it is made possible to reduce the resistivity at least one 
order of magnitude lower than that of the p-type or n-type 
nitride semiconductor which does not have Superlattice struc 
ture. 

Thus in the nitride semiconductor device (LED device) of 
the first embodiment, Vf can be reduced by forming the 
p-type cladding layer 5, of a semiconductor region 251 of p 
conductivity side (the region comprising the p-type cladding 
layer 5 and the p-type contact layer 6 in the first embodiment) 
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where it has been difficult to obtain a nitride semiconductor 
layer having a low resistance in the prior art, by using the 
Super lattice layer, thereby reducing the resistance of the 
p-type cladding layer 5. That is, nitride semiconductor is a 
semiconductor which is difficult to obtain in the form of 
p-type crystal and, if ever obtained, resistivity is usually at 
least two orders of magnitude higher compared to n-type 
nitride semiconductor. Therefore, when a super lattice layer 
of type p is formed on p-type conductivity side, resistance of 
the p-type layer constituted from the Super lattice layer can be 
reduced to an extremely low level, resulting in a remarkable 
decrease in Vf. As a prior art technology to obtain a p-type 
crystal, such a process has been known where a nitride semi 
conductor layer doped with a p-type impurity is annealed and 
hydrogen is removed thereby manufacturing a p-type nitride 
semiconductor (Japanese Patent No. 2540791). However, the 
p-type nitride semiconductor thus obtained has resistivity as 
high as several ohm-centimeters at the lowest. By turning this 
p-type layer into p-type Super lattice layer, better quality of 
crystal can be obtained. According to the study of the present 
inventors, resistivity of the p-type layer can be reduced to a 
level at least one order of magnitude lower than that of the 
prior art, resulting in a conspicuous effect of decreasing Vf. 

According to the first embodiment, a Super lattice layer 
which has good quality of crystal and is free from cracks can 
be formed by constituting the first layer (the second layer) 
made from InGaN (0sXs 1) and the second layer (the 
first layer) made from AlGaN (0sYs 1, XzY=0) as 
described above, and therefore service life of the device can 
be elongated. 
Now the present invention will be compared with examples 

of the prior art disclosed in literature known to the public, 
including Japanese Patent Publication filed by the present 
inventors in the past. 
As a technology similar to the present invention, the 

present inventors proposed the technology disclosed in Japa 
nese Patent Non-examined Patent Publication No. 8-228048. 
This technology forms a multi-layer film made of AlGaN. 
GaN. InGaN, etc. as a laser beam reflecting film on the outside 
of an n-type cladding layer and/or the outside (on the side 
farther from an active layer) of a p-type cladding layer which 
interpose the active layer. According to this technology, 
because the multi-layer film is formed as the light reflecting 
film, each layer is designed to have a thickness of W4n (n is a 
refractive index of the nitride semiconductor and is a wave 
length) and becomes verythick. Thus each layer of the multi 
layer film has the thickness not within the elastic strain limit. 
U.S. Pat. No. 5,146,465 discloses a laser device having such 
a constitution as an active layer is interposed between mirrors 
made of AlGaN/AlGaN. This technology, similarly to 
that described above, makes AlGaN/A1GaN act as mirrors, 
and therefore requires each layer to be thick. Particularly it is 
very difficult to laminate many layers of hard semiconductor 
Such as AlGaN without generating cracks. 

According to the first embodiment, unlike the technologies 
described above, the first and the second layers are set to have 
such the thickness (preferably within 100 angstroms, namely 
within the critical film thickness for both layers) so as to 
constitute a Super lattice layer. That is, the present invention 
utilizes the effect of strained layer super lattice of a nitride 
semiconductor which constitutes the Super lattice layer, 
thereby to improve the quality of crystal and reduce Vf. 

Japanese Non-examined Patent Publication Nos. 
5'-1 10138 and 5-1 10139 disclose a method to obtain a crystal 
of AlGaN by laminating thin films of AlN and GaN. This 
technology is to laminate AlN and GaN layers which are 
several tens of angstroms thick thereby to obtain a mixed 
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crystal of AlGaN having a specified mix proportion, and 
is different from the technology of this invention. And 
because the technology does not include an active layer made 
of InCiaN, the super lattice layer is liable to cracks developing 
therein. Japanese Non-examined Patent Publication Nos. 
6-21511 and No. 6-268257 also disclose a light emitting 
device of double-hetero structure having an active layer of 
multiple quantum well structure made by laminating GaN 
and InGaN or InGaN and InGaN. This technology is also 
different from the present invention which proposes a tech 
nology of making a multi-layer structure other than the active 
layer. Japanese Non-examined Patent Publication No. 
2-288371 (U.S. Pat. No. 5,005,057) discloses a structure hav 
ing a super lattice layer other than the active later. However, 
the supper lattice disclosed in Japanese Non-examined Patent 
Publication No. 2-288371 consist of BP layers and GaAIN 
layers while the supper lattice of present invention consist of 
nitride semiconductor layers having different constitution 
each other. 

Therefore, this technology is different from the present 
invention with regard to structure and an effect. 

Further in the device of the present invention, the effect of 
the Super lattice layer becomes conspicuous when the active 
layer is provided with a nitride semiconductor, which 
includes at least indium, such as InGaN. InGaN active layer 
has less band gap energy and is most Suitable for the active 
layer of a nitride semiconductor device. Therefore, when 
Superlattice layers comprising InGaN and AlGa-Nare 
formed to interpose the active layer, difference in the band 
gap energy and difference in refractive index from those of the 
active layer can be increased, thereby making the Super lattice 
layer capable of functioning as an excellent light trapping 
layer when forming a laser device (applied to the nitride 
semiconductor device of second embodiment). Moreover, 
because InGaN has quality of crystal of being softer than 
other nitride semiconductors which include Al Such as 
AlGaN, use of InCaN as the active layer makes the laminated 
nitride semiconductor layers less liable to cracks. Conversely, 
use of a nitride semiconductor such as AlGaN as the active 
layer makes it likely that cracks develop in the entire crystal 
because the crystal is hard in nature. 

According to the first embodiment, it is desirable that the 
thickness of the p-side contact layer 6 be controlled to within 
500 angstroms, more preferably within 300 angstroms and 
most preferably within 200 angstroms. This is because resis 
tivity can be further decreased by controlling the thickness of 
the p-type nitride semiconductor which has a high resistivity 
of several ohm-centimeters or higher within 500 angstroms, 
thus reducing the threshold current and Voltage. It is also 
made possible to increase the amount of hydrogen removed 
from the p-type layer, thereby further reducing the resistivity. 
As described above in detail, in the nitride semiconductor 

device (LED device) of the first embodiment, the p-type 
cladding layer 5 is constituted from the super lattice layer 
made by laminating the first layer and the second layer, and 
therefore resistance of the p-type cladding layer 5 can be 
made extremely low and the forward voltage Vf of the LED 
device can be reduced. 

Although the first embodiment uses the super lattice layer 
in the p-side cladding layer 5, the present invention is not 
limited to this configuration and a p-type Super lattice layer 
may also be used in the p-type contact layer 6. That is, the 
p-type contact layer 6 to which current (positive holes) is 
injected may also be made as p-type Superlattice layerformed 
by laminating the first layer made of InGaN and the 
second layer made of AlGaN. When the p-type contact 
layer 6 is made as a Superlattice layer and the bandgap energy 
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of the first layer is less than that of the second layer, it is 
preferable that the first layer made of InGaN or GaN. 
having a low bandgap energy be placed on the top and put into 
contact with the p electrode, so that the contact resistance 
with the p electrode becomes lower thereby providing better 
ohmic contact. This is because the first layer which has lower 
band gap energy has a tendency to provide a nitride semicon 
ductor layer of higher carrier concentration than in the case of 
the second layer. Also according to the present invention, 
when a p-type nitride semiconductor layer other than the 
p-side cladding layer and the p-side contact layer is further 
formed on the semiconductor region 251 of p conductivity 
side, the p-type nitride semiconductor layer may be consti 
tuted from a Super lattice layer. 

Although the first embodiment uses the super lattice layer 
in the p-side cladding layer 5, the present invention is not 
limited to the configuration of the semiconductor region 251 
of p-type conductivity, and an n-type Super lattice layer may 
also be used in the n-type contact layer 3 of the semiconductor 
region 201 of n conductivity side. In such a case as the n-type 
contact layer 3 is used as the super lattice layer, the first layer 
and/or the second layer can be doped with an n-type impurity 
Such as Si and Ge, for example, thereby forming a Super 
lattice layer having n-type conductivity as the n-type contact 
layer 3 between the substrate 1 and the active layer 4. In this 
case, it was verified that making the n-type contact layer 3 in 
the form of super lattice layer having different impurity con 
centration, in particular, decreases the resistance in the trans 
verse direction and tends to decrease the threshold voltage 
and current in a laser diode, for example. 

This is supposed to be due to an effect similar to HEMT 
(High-Electron Mobility Transistor) as described below, in 
case a Super lattice layer, which is made by doping a layer 
having higher band gap energy with greater amount of n-type 
impurity, is formed as n-type contact layer. In the Super lattice 
layer made by laminating the first layer (the second layer) 
which is doped with an n-type impurity and has a greater band 
gap and the second layer (the first layer) which is undoped 
(state of being not doped will be called undoped hereinafter) 
and has less band gap, the layer having higher band gap 
energy is depleted in the interface between the layer doped 
with the n-type impurity and the undoped layer, and electrons 
(two dimensional electron gas) accumulate in the interface 
around the layer which has lower band gap energy and a 
thickness of about 100 angstroms. It is Supposed that, because 
the two dimensional electron gas is generated in the layer 
having lower band gap energy, the electrons move without 
being scattered by the impurity, and therefore electron mobil 
ity in the Super lattice layer increases and resistivity 
decreases. 

Also according to the present invention, when an n-side 
cladding layer is installed on a semiconductor layer 201 of n 
conductivity side, the n-side cladding layer may be made in 
Super lattice layer. In case an n-type nitride semiconductor 
layer other than the n-side contact layer and the n-side clad 
ding layer is installed in a semiconductor region 201 of n 
conductivity side, the n-type nitride semiconductor layer may 
be made in the form of super lattice layer. However, it is a 
matter of course that, in case the nitride semiconductor layer 
comprising the Super lattice layer is installed in the semicon 
ductor region 201 of n conductivity side, it is desirable that 
either the n-type cladding layer acting as a carrier trapping 
layer or the n-type contact layer 3 to which current (electrons) 
is injected be made in Super lattice structure. 

In case a Super lattice layer is formed in the semiconductor 
region 201 of n conductivity side placed between the active 
layer 4 and the substrate 1 as described above, the first layer 
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and the second layer which constitute the super lattice layer 
may not be doped with impurity. This is because nitride 
semiconductor has a nature of becoming n-type even when 
undoped. It is desirable, however, to dope the first layer and 
the second layer with n-type impurity Such as Si and Ge to 
make a difference in the impurity concentration as described 
above, even when forming on then layer side. 
When a super lattice layer is formed in the semiconductor 

region 201 of n conductivity side, the effect thereof will be an 
improvement in the quality of crystal similarly to the case of 
forming the Super lattice layer in the semiconductor region 
251 of p-type conductivity side. Specifically, in the case of a 
nitride semiconductor device which has heterojunction, car 
rier trapping layers of n-type and p-type are usually consti 
tuted from AlGaN which has a band gap energy which is 
higher than the active layer. Crystal of AlGaN is very difficult 
to grow, and cracks tend to develop in the crystal when a layer 
having the thickness of 0.5 um or greater is grown with a 
single constitution. However, when a Super lattice layer is 
made by laminating the first layer and the second layer each 
with a thickness within the elastic strain limit, as in the case of 
the present invention, the first layer and the second layer can 
be laminated with good quality of crystal and therefore a 
cladding layer having good quality of crystal can be grown. 
Thus because the nitride semiconductor is given good quality 
of crystal all over the semiconductor region 201 of n conduc 
tivity side, mobility can be increased throughout the semicon 
ductor region 201 of n conductivity side and therefore Vf of a 
device wherein the Super lattice layer is used as a cladding 
layer can be decreased. Further, when the super lattice layer is 
doped with an impurity Such as Si and Ge and the Super lattice 
layer is used as the contact layer, it is supposed that the effect 
similar to that of HEMT described previously appears mark 
edly, making it possible to decrease the threshold Voltage and 
Vf further. 

Also according to the present invention, the Super lattice 
layer may not be doped with the impurity which determines 
the conductivity types of the first layer and the second layer. 
The Super lattice layer which is not doped with the impurity 
may be formed as any of the layers between the active layer 
and the Substrate, in case the layer is in the semiconductor 
region 201 of n conductivity side, and may be formed as any 
of the layers between the carrier trapping layer (light trapping 
layer) and the active layer, provided that the layer is in the 
semiconductor region 251 of p conductivity side. 

According to the present invention, as described above, 
because the Super lattice layer is used either as the cladding 
layer acting as a carrier trapping layer formed in the semicon 
ductor region 201 of n conductivity side or in the semicon 
ductor region 251 of p conductivity side interposing the active 
layer, or as an optical waveguide layer of the active layer or as 
a current injection layer provided with an electrode being 
formed in contact therewith, it is desirable that mean bandgap 
energy of the nitride semiconductor constituting the Super 
lattice layer be controlled to be higher than that of the active 
layer. 

While the region comprising the nitride semiconductor 
layers placed between the active layer and the p electrode is 
referred to as the semiconductor region on p conductivity side 
in this specification, this does not mean that all the nitride 
semiconductor layers constituting the semiconductor region 
have the p-type conductivity. Similarly, the region compris 
ing nitride semiconductor layers between the active layer and 
a GaN substrate 100 is referred to as the semiconductor region 
of n-side conductivity, this does not mean that all the nitride 
semiconductor layers constituting the region have the p-type 
conductivity. 
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Embodiment 2 

Now the second embodiment of the present invention will 
be described below. 

FIG. 2 is a schematic cross sectional view (cross section 
perpendicular to the direction of propagation of laser light) 
showing the configuration of a nitride semiconductor device 
according to the second embodiment of the present invention. 
The nitride semiconductor device is, for example, a nitride 
semiconductor laser diode device which has an active layer 16 
comprising a nitride semiconductor interposed by a semicon 
ductor region 202 of n conductivity side (consisting of an 
n-side contact layer 12, a crack preventing layer 13, an n-side 
cladding layer 14 and an n-side optical waveguide layer 15) 
and a semiconductor region 252 of p conductivity side (con 
sisting of a cap layer 17, a p-side optical waveguide layer 18, 
a p-side cladding layer 19 and a p-side contact layer 20) 
provided on a C plane of a substrate 10 made of sapphire or 
the like. 

In the nitride semiconductor device of the second embodi 
ment, threshold voltage of the nitride semiconductor device 
which is a laser diode is set to a low level by forming the 
n-side cladding layer 14 in the semiconductor region202 of n 
conductivity side in the form of super lattice layer and form 
ing the p-side cladding layer 19 in the semiconductor region 
252 of p conductivity side in the form of super lattice layer. 
The nitride semiconductor device according to the second 
embodiment of the present invention will be described in 
detail below by referring to FIG. 2. 

In the nitride semiconductor device of the second embodi 
ment, first the n-side contact layer 12 is formed on the sub 
strate 10 via a buffer layer 11 and a second buffer layer 112, 
then the crack preventing layer 13, the n-side cladding layer 
14 and the n-side optical waveguidelayer 15 are laminated on 
the n-side contact layer 12, thereby to form the semiconductor 
region 202 of n conductivity side. Formed on the surfaces of 
the n-side contact layer 12 exposed on both sides of the crack 
preventing layer 13 are n-side electrodes 23 which make 
ohmic contact with the n-side contact layer 12, while an 
n-side pad electrode for the purpose of wire bonding, for 
example, is formed on the n-side electrode 23. Then the active 
layer 16 made of a nitride semiconductor is formed on the 
n-side optical waveguide layer 15, and the cap layer 17, the 
p-side optical waveguide layer 18, the p-side cladding layer 
19 and the p-side contact layer 20 are formed on the active 
layer 16, thereby to form the semiconductor region 252 of p 
conductivity side. Further on the p-side contact layer 20, the 
p-side electrode 21 which makes ohmic contact with the 
p-side contact layer 20 is formed, and the p-side pad electrode 
for the purpose of wire bonding, for example, is formed on the 
p-side electrode 21. Formed on the p-side contact layer 20 and 
the p-side cladding layer 19 is a ridge which extends long in 
the direction of resonance, thereby to trap light in the active 
layer 16 in the transverse direction (direction perpendicular to 
the direction of propagation) and form a resonator which 
resonates in the longitudinal direction of the ridge by using a 
cleavage plane which is at right angles to the ridge, thus 
making the laser oscillate. 
Components of the nitride semiconductor device of the 

second embodiment will now be described below. 
(Substrate 10) 
The substrate 10 may be made of, in addition to sapphire 

having principal plane in C plane, Sapphire having principal 
plane in R plane or A plane, insulating Substrate such as spinel 
(MgAlO4), or other semiconductor Substrate such as SiC 
(including 6H, 4H and 3C), ZnS, ZnO, GaAs and GaN. 
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(Buffer Layer 11) 
The buffer layer 11 is formed by growing AlN. GaN. 

AlGaN. InGaN, etc., for example, at a temperature within 
900° C. to a thickness of several tens to several hundreds of 
angstroms. While the buffer layer 11 is formed for the pur 
pose of relaxing lattice constant mismatch between the Sub 
strate and the nitride semiconductor, it may be omitted 
depending on the method of growing the nitride semiconduc 
tor, type of Substrate and other conditions. 
(Second Buffer Layer 112) 
The second buffer layer 112 is a layer made of a single 

crystal nitride semiconductor which is grown on the buffer 
layer 11 at a temperature higher than that of the buffer layer, 
and is formed to be thicker than the buffer layer 11. The 
second buffer layer 112 is made as a layer which has a con 
centration of n-type impurity lower than that of the n-side 
contact layer 12 to be grown next, or as a nitride semiconduc 
tor layer which is not doped with an n-type impurity. The 
second buffer layer 112 may be constituted as In Al 
GaN (0sX,0s Y. X--Ys 1), for example, of which com 
position is not a matter of importance here, but the composi 
tion is preferably in the form of AlGaN which is undoped 
and has a proportion of Al (value ofY) within 0.1, and most 
preferably undoped GaN. When made in such a composition, 
the second buffer layer 112 having few defects can be grown 
and, when the second buffer layer 112 is made in the form of 
undoped GaN, the second buffer layer 112 having fewest 
defects can be formed. Also it is further preferable that the 
n-side contact layer 12 beformed in super lattice structure. 
When the second buffer layer 112 having low impurity 

concentration and few defects is grown before growing the 
n-side contact layer 12, as described above, the n-side contact 
layer 12 having a high carrier concentration and few defects 
can beformed with a relatively larger thickness. That is, while 
the n-side contact layer 12 having a high carrier concentration 
needs to be formed by growing a nitride semiconductor of a 
high n-type impurity concentration, it is difficult to grow a 
thick nitride semiconductor layer having a high impurity 
concentration with few defect. Thus when the n-side contact 
layer 12 is formed without forming the n-side buffer layer 
112, not only the n-side contact layer 12 having many defects 
is formed but also other nitride semiconductor such as active 
layer comes to be grown on the n-side contact layer having 
many defects, causing the layer to be formed thereon to 
include crystal defect extending from the layer below, making 
it impossible for the layer (active layer or the like) to be 
formed thereon to grow with few defects. Therefore, the 
second buffer layer 112 has important roles in growing the 
n-side contact layer to be formed thereon with few defects as 
well as in forming the semiconductor layers which constitute 
the nitride semiconductor device with few defect. 

Thickness of the second buffer layer 112 is preferably 
controlled to be 0.1 um or greater, more preferably 0.5um or 
greater, and most preferably in a range from 1 um to 20 Lum. 
When the second buffer layer 112 is thinner than 0.1 um, 
Substantial improvement in the quality of crystal of the n-side 
contact layer 12 cannot be expected. When the second buffer 
layer 112 is thicker than 20 um, on the other hand, the second 
buffer layer 112 itself tends to include much crystal defects 
resulting in decreased effect of buffer layer. When the second 
buffer layer 112 is grown to be relatively thick to an extent 
that does not exceed 20um, there is an advantage of improved 
heat dissipation. That is, when a laser device is made, heat is 
more easily transmitted in the second buffer layer 112 and 
therefore life of the laser device is elongated. Moreover, leak 
ing light from the laser light diffuses in the second buffer layer 
112, thereby making it easier to obtain laser beam having near 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
elliptical configuration. The second buffer layer 112 may be 
omitted when an electrically conductive Substrate such as 
GaN. SiC., ZnO or the like is used as the substrate. 
(n-Side Contact Layer 12) 
The n-side contact layer 12 acts as a contact layer whereon 

a negative electrode is formed, of which thickness is prefer 
ably controlled within a range from 0.2 um to 4 Lum. When the 
thickness is less than 0.2 um, it becomes difficult to control 
the etching rate for exposing the layer in a Subsequent process 
of forming the negative electrode. When the thickness is 
greater than 4 Jum, on the other hand, quality of crystal tend to 
become poorer due to impurity. The n-side contact layer 12 is 
made of, for example, GaN doped with Si. Doping concen 
tration of n-type impurity in the nitride semiconductor of the 
n-side contact layer 12 is preferably in a range from 1x10'7/ 
cm to 1x10°/cm, and more preferably from 1x10/cm to 
1x10'/cm. When the concentration is lower than 1x10'7/ 
cm, satisfactory ohmic contact with then electrode material 
cannot be obtained and therefore threshold current and volt 
age cannot be decreased in a laser device. When the concen 
tration is higher than 1x10/cm, leak current in the device 
increases and the quality of crystal deteriorate, resulting in a 
shorter device life. It is desirable to set the impurity concen 
tration in the n-side contact layer 12 higher than that of the 
n-cladding layer 14 thereby to increase the carrier concentra 
tion in the n-side contact layer 12, in order to reduce the ohmic 
contact resistance with the n electrode 23. When an electri 
cally conductive substrate such as GaN. SiC., ZnO or the like 
is used as the Substrate and the negative electrode is installed 
on the back of the substrate, the n-side contact layer 12 acts as 
a buffer layer, not as a contact layer. 
At least one of the second buffer layer 11 and the n-side 

contact layer 12 may also be made in Superlattice structure, in 
which case quality of crystal of the layer are drastically 
improved and the threshold current can be decreased. Prefer 
ably the n-side contact layer 12 which is thinner than the 
second buffer layer 11 is made in super lattice structure. When 
the n-side contact layer 12 is made in Such a Super lattice 
structure that the first layer and the second layer having dif 
ferent levels of band gap energy are laminated, contact resis 
tance with then electrode 23 can be decreased and the value 
of threshold can be decreased by exposing the layer having 
lower band gap energy thereby to form then electrode 23. As 
materials to make then electrode 23 for providing favorable 
ohmic contact with the n-type nitride semiconductor, there 
are metals such as Al, Ti, W. Si, Zn, Sn and In, and alloys 
thereof. 
When the n-side contact layer 12 is made in super lattice 

structure of different impurity concentration, resistance in the 
transverse direction can be reduced due to an effect similar to 
that of HEMT described in conjunction with the first embodi 
ment, thereby making it possible to reduce the threshold 
voltage and current of the LD device. 
(Crack Preventing Layer 13) 
The crack preventing layer 13 is made of, for example, 

In GaN doped with Si in a concentration of 5x10''/cm 
and has a thickness of for example, 500 angstroms. The crack 
preventing layer 13, when formed by growing an n-type 
nitride semiconductor which includes In, preferably InGaN. 
is capable of preventing cracks from developing in a nitride 
semiconductor layer which includes Al to be formed thereon. 
The crack preventing layer 13 is preferably grown to a thick 
ness in a range from 100 angstroms to 0.5 m. When the 
thickness is less than 100 angstroms, the layer is difficult to 
function as a crack preventing layer. When the thickness is 
greater than 0.5 Lim, the crystal tends to be blackened. The 
crack preventing layer 13 may be omitted in case the n-side 
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contact layer 12 is made in Superlattice structure as in the case 
of the first embodiment, or when the n-side cladding layer 14 
to be grown next is made in Super lattice structure. 
(n-Side Cladding Layer 14 Made in n-Type Super Lattice 
Structure) 
The n-side cladding layer is made of n-type Alo, GaosN 

doped with Si in a concentration of 5x10'/cm in super 
lattice structure made by laminating the first layer 20 ang 
stroms thick and the second layer made of undoped GaN 20 
angstroms thick alternately, and has an overall thickness of 
for example, 0.5 Lum. The n-side cladding layer 14 functions 
as a carrier trapping layer and light trapping layer and, when 
it is made in Super lattice structure, one of the layers is 
preferably made by growing a nitride semiconductor which 
includes A1, preferably AlGaN. When the layer is grown to a 
thickness not less than 100 angstroms and within 2 Jum, more 
preferably in a range from 500 angstroms to 1 Lim, a good 
carrier trapping layer can be formed. While the n-side clad 
ding layer 14 may be made by growing a single nitride semi 
conductor, it may also be made in a Super lattice layer which 
enables it to form a carrier trapping layer of good quality of 
crystal without cracks. 
(n-Side Optical Waveguide Layer 15) 
The n-side optical waveguide layer 15 is made of, for 

example, n-type GaN doped with Si in a concentration of 
5x10'/cm and has a thickness of 0.1 um. The n-side optical 
waveguide layer 15 functions as an optical waveguide layer 
for the active layer and is preferably formed by growing GaN 
or InGaN to a thickness usually in a range from 100 ang 
stroms to 5 Lim, more preferably in a range from 200 ang 
stroms to 1 um. The optical waveguide layer 15 may also be 
made in super lattice structure. In case the n-side optical 
waveguide layer 15 and the n-side cladding layer 14 are made 
in Super lattice structure, mean band gap energy of the nitride 
semiconductor layers which constitute the Super lattice layer 
is set to be higher than that of the active layer. When forming 
a super lattice layer, at least one of the first layer and the 
second layer may or may not be doped with an n-type impu 
rity. The n-side optical waveguide layer 15 may also be either 
a single layer of undoped nitride semiconductor or a Super 
lattice layer made by laminating undoped nitride semicon 
ductors. 
(Active Layer 16) 
The active layer 16 is made by alternately laminating a 

quantum well layer which is made of for example, 
InGaosN doped with Si in a concentration of 8x10"/cm 
and has a thickness of 25 angstroms and a barrier layer made 
of InoosGaoss N doped with Si in a concentration of 8x10"/ 
cm and has a thickness of 50 angstroms, thereby forming a 
layer of multiple quantum well structure (MQW) having a 
specified thickness. In the active-layer 16, either both or one 
of the quantum well layer and the barrier layer may be doped 
with the impurity. When doped with an n-type impurity, 
threshold value tends to decrease. When the active layer 16 is 
made in multiple quantum well structure as described above, 
it is always formed by laminating the quantum well layer 
having a lower band gap energy and a barrier layer having a 
band gap energy lower than that of the quantum well layer, 
and is therefore distinguished from super lattice layer. Thick 
ness of the quantum well layer is within 100 angstroms, 
preferably within 70 angstroms and most preferably 50 ang 
stroms. Thickness of the barrier layer is within 150 ang 
stroms, preferably within 100 angstroms and most preferably 
70 angstroms. For example, the quantum well structure active 
layer disclosed by Japanese Non-examined Patent Publica 
tion No. 9-148678 (U.S. patent application Ser. No. 08/743, 
72). 
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(p-Side Cap Layer 17) 
The p-side cap layer 17 has band gap energy higher than 

that of the active layer 16, and is made of for example, p-type 
AloGao, Ndoped with Mg in a concentration of 1x10'cm 
and has a thickness of for example, 200 angstroms. While the 
cap layer 17 is preferably used in this way according to the 
second embodiment, the cap layer is formed with a small 
thickness and therefore may be of i-type wherein carriers are 
compensated by doping n-type impurity. Thickness of the 
p-side cap layer 17 is controlled within 0.11—, more prefer 
ably within 500 angstroms, and most preferably within 300 
angstroms. When grown to a thickness greater than 0.1 um 
cracks tend to develop in the p-side cap layer 17 making it 
difficult to grow a nitride semiconductor layer of good quality 
of crystal. When the thickness of the p-side cap layer 17 is 
greater than 0.1 um, the carrier cannot pass through the p-side 
cap layer 17, which acts as an energy barrier, through tunnel 
effect. When the penetration of carrier by tunnel effect is 
taken into consideration, the thickness is preferably set to 
within 500 angstroms and more preferably within 300 ang 
StrOmS. 

The p-side cap layer 17 is preferably formed by using 
AlGaN having a high proportion of Alin order to make the LD 
device easier to oscillate, and the LD device becomes easierto 
oscillate when the AlGaN layer is made thinner. For example, 
in the case of AlGaN with the value of Y being 0.2 or 
greater, the thickness is preferably controlled within 500 ang 
stroms. While the lower limit of the p-side cap layer 17 is not 
specified, it is preferably formed to a thickness not less than 
10 angstroms. 
(p-Side Optical Waveguide Layer 18) 
The p-side optical waveguide layer 18 has bandgap energy 

higher than that of the p-side cap layer 17 and is made of for 
example, p-type GaN doped with Mg in a concentration of 
1x10'/cm and has a thickness of 0.1 um. Thep-side optical 
waveguide layer 18 functions as an optical waveguide layer 
for the active layer 16, and is preferably formed by growing 
GaN. InGaN similarly to the n-side optical waveguide layer 
15. This layer functions also as a buffer layer when growing 
the p-side cladding layer 19, and functions as a favorable 
optical waveguide layer when grown to a thickness in a range 
from 100 angstroms to 5um, and more preferably in a range 
from 200 angstroms to 1 Lum. While the p-side optical 
waveguide layer is usually rendered p-type conductivity by 
doping a p-type impurity Such as Mg, alternatively it may not 
be doped with any impurity. And the p-side optical waveguide 
layer may also be made in super lattice structure. When made 
in super lattice structure, at least one of the first layer and the 
second layer may be doped with a p-type impurity, or may not 
be doped at all. 
(p-Side Cladding Layer 19=Super Lattice Layer) 
The p-side cladding layer 19 is made of p-type Alo, GaosN 

doped with Mg in a concentration of 1x10"/cm in super 
lattice structure made by alternately laminating the first layer 
20 angstroms thick and the second layer which is made of 
p-type GaN and is doped with Mg in a concentration of 
1x10'/cmhaving a thickness of 20 angstroms. The p-side 
cladding layer 19 functions as a carrier trapping layer simi 
larly to the n-side cladding layer 14 and particularly functions 
as a layer for decreasing the resistivity of the p-type layer. 
While limits of thickness of the p-side cladding layer 19 are 
not specified, too, it is preferably formed to a thickness not 
less than 100 angstroms and not greater than 2 m, more 
preferably not less than 500 angstroms and not greater than 1 
lm. 
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(p-Side Contact Layer 20) 
The p-side contact layer 20 is made of for example, p-type 

GaNdoped with Mgina concentration of 2x10'/cm and has 
a thickness of, for example, 150 angstroms. The p-side con 
tact layer 20 can be made in a constitution of InAlGaN 
(0sX, 0s Y. X--Ys1) of p-type, and the most preferable 
ohmic contact with the p electrode 21 can be obtained by 
using GaN doped with Mg as described above. Thickness of 
the p-type contact layer is preferably controlled to within 500 
angstroms, more preferably within 300 angstroms and most 
preferably within 200 angstroms. This is because resistivity 
can be further decreased by controlling the thickness of the 
p-type nitride semiconductor which has a high resistivity of 
several ohm-centimeters or higher within 500 angstroms, 
thus reducing the threshold current and Voltage. It is also 
made possible to increase the amount of hydrogen removed 
from the p-type layer, thereby further reducing the resistivity. 

According to the present invention, the p-side contact layer 
20 may also be made in super lattice structure. When making 
a Super lattice layer, the first layer and the second layer having 
different values of band gap energy are laminated in a suc 
cession of 1st, 2nd, 1st, 2nd and so on, so that the layer having 
lower band gap energy is exposed at the last, in which case 
preferable ohmic contact with the p electrode 21 can be 
obtained. Thep electrode 21 may be made of, for example, Ni, 
Pd, Ni/Au, etc. 

According to the second embodiment, an insulating film 25 
made of SiO is formed on the surface of nitride semiconduc 
tor layer exposed between the p electrode 21 and an in elec 
trode 23 as shown in FIG. 2, while the p pad electrode 22 
which is electrically connected to the p electrode 21 via an 
aperture formed in the insulating film 25 and an in pad elec 
trode 24 connected to then electrode 23 are formed. The p pad 
electrode 22 increases the substantial surface of the p pad 
electrode 22 so that the side of p electrode can be wire-bonded 
and die-bonded, and the n pad electrode 24 prevents the n 
electrode 23 from peeling off. 
The nitride semiconductor device of the second embodi 

ment has the p-type cladding layer 19 of good quality of 
crystal which is a Super lattice layer made by laminating the 
first layer and the second layer with a film thickness within the 
elastic strain limit. With this configuration of the nitride semi 
conductor device according to the second embodiment, resis 
tance of the p-side cladding layer 19 can be decreased to a 
level at least one order of magnitude lower than that of a 
p-type cladding layer which does not have Super lattice struc 
ture, and therefore threshold voltage and current can be 
reduced. 

Also in the nitride semiconductor device of the second 
embodiment, a nitride semiconductor having a low band gap 
energy is formed as the p-side contact layer 20 having a small 
thickness of 500 angstroms or less in contact with the p-side 
cladding layer 19 which includes p-type AlGa-N, so that 
the carrier concentration of the p-side contact layer 20 is 
substantially increased and favorable ohmic contact with the 
p electrode can be obtained, thereby making it possible to 
decrease the threshold current and voltage of the device. 
Further, because the second buffer layer 112 is installed 
before growing then contact layer, the nitride semiconductor 
layer to be grown on the second buffer layer 112 can be 
rendered good quality of crystal and a long-life device can be 
made. When the n-side contact layer which is grown on the 
second buffer layer 112 is made in super lattice structure, 
resistance in the transverse direction is reduced thereby mak 
ing it possible to make a device having low threshold Voltage 
and threshold current. 
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In case a nitride semiconductor which includes at least 

indium, such as InGaN, is provided in the active layer 16 in 
the LD device of the second embodiment 2, it is preferable 
that a Super lattice layer made by alternately laminating 
In GaN and AlGaN is used as layers which interpose 
the active layer 16 (the n-side cladding layer 14 and the p-side 
cladding layer 19). When configured in this way, differences 
in the bandgap energy and refractive index between the active 
layer 16 and the Super lattice layer can be increased, so that 
the Super lattice layer can act as an excellent light trapping 
layer when a laser device is manufactured. Moreover, because 
InGaN has softer crystal characteristic than other nitride 
semiconductors which include Al Such as AlGaN. cracks are 
less likely to develop throughout the laminated nitride semi 
conductor layers when InGaN is used in the active layer. Thus 
the service life of the LD device can be elongated. 

In the case of a semiconductor device of double-hetero 
structure having the active layer 16 of quantum well structure 
as in the second embodiment, it is preferable that the p-side 
cap layer 17 made of a nitride semiconductor which has band 
gap energy higher than that of the active layer 16 and a 
thickness within 0.1 um, preferably the p-side cap layer 17 
made of a nitride semiconductor which includes Al is 
installed in contact with the active layer 16, the p-side optical 
waveguide layer 18 having a band gap energy lower than that 
of the p-side cap layer 17 is installed at a position farther than 
the p-side cap layer 17 from the active layer, and a nitride 
semiconductor having a band gap energy higher than that of 
the p-side optical waveguide layer 18, preferably the p-side 
cladding layer 19 having super lattice structure which 
includes a nitride semiconductor including Al, is installed at 
a position farther than the p-side optical waveguide layer 18 
from the active layer. Because the p-side cap layer 17 is made 
with a high band gap energy, electrons injected from the n 
layer are blocked by the p-side cap layer 17 and trapped, so 
that the electrons do not overflow the active layer, thus result 
ing in less leakage current in the device. 

While configurations of the nitride semiconductor device 
according to the second embodiment which are preferable as 
the configuration of laser device are described above, the 
present invention is not limited to any particular device con 
figuration and is applicable as long as at least one n-type Super 
lattice layer is provided in the semiconductor region202 on n 
conductivity side below the active layer 16, and at least one 
p-type Super lattice layer is provided in the semiconductor 
region 252 on p conductivity side above the active layer 16. 
However, it is most preferable for the purpose of reducing the 
values of Vf and threshold of the device, that the p-type super 
lattice layer is formed in the p-side cladding layer 19, which 
acts as a carrier trapping layer, when provided in the semi 
conductor region 252 on p conductivity side, and is formed in 
then contact layer 12, which acts as a current injection layer 
which the n electrode 23 is in contact with, or the n cladding 
layer 14, which acts as a carrier trapping layer, when provided 
in the semiconductor region 202 on n conductivity side. It is 
a matter of course that the configuration similar to that of the 
device of the second embodiment can be applied to an LED 
device (except for that a ridge is not necessary for the LED 
device). 

In the nitride semiconductor device of the second embodi 
ment configured as described above, it is preferable that the 
device be annealed in an atmosphere which does not include 
H. for example nitrogen atmosphere, at a temperature not 
lower than 400° C., for example 700° C., after the layers have 
been formed. This process decreases the resistance of each 
layer of the p-type nitride semiconductor region further, 
thereby decreasing the threshold voltage further. 
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Also in the nitride semiconductor device of the second 
embodiment, the p electrode 21 made of Ni and Au is formed 
in the form of stripe on the surface of the p-side contact layer 
12, while the n-side contact layer is exposed symmetrically 
with respect to the p electrode 21 and the n electrode 23 is 
installed to cover nearly the entire surface of the n-side con 
tact layer. When an insulating Substrate is used, such a con 
figuration of providing the n electrode 23 symmetrically on 
both sides of the p electrode 21 is very advantageous in 
decreasing the threshold Voltage. 

According to the second embodiment, a multi-layer dielec 
tric film made of SiO, and TiO, may be formed on the cleav 
age plane (plane of resonator) which is perpendicular to the 
ridge (stripe-shaped electrode). 

According to the present invention, because the Super lat 
tice layer is used either as the cladding layer which acts as the 
carrier trapping layer formed in the n-type region or p-type 
region interposing the active layer, or as an optical waveguide 
layer of the active layer or as a current injection layer pro 
vided with an electrode being formed in contact therewith, it 
is preferable to control the mean band gap energy of the 
nitride semiconductor which constitutes the Super lattice 
layer to be higher than that of the active layer. 

Embodiment 3 

FIG. 3 is a schematic cross sectional view showing the 
configuration of the nitride semiconductor device according 
to the third embodiment of the present invention. The nitride 
semiconductor device of the third embodiment is a laser diode 
of stripe electrode type using the end face of the active layer 
as a resonance plane, and FIG. 3 schematically shows the 
cross section of the device when cut in a direction perpen 
dicular to the direction of propagation of laser light. The third 
embodiment of the present invention will be described below 
by referring to FIG. 3. 

In FIG. 3, reference numerals refer to the following com 
ponents. 

100 denotes a GaN substrate of a thickness not less than 10 
um which is grown on an auxiliary Substrate made of a mate 
rial other than nitride semiconductor, for example a substrate 
made of such material as Sapphire, spinel, SiC. Si, GaAs and 
ZnO. The auxiliary substrate may be removed after the GaN 
substrate 100 is formed as shown in FIG.3, or may be left to 
remain thereon and used without removing as in the case of an 
embodiment to be described later (FIG. 8). 

11 denotes a buffer layer made of Si-doped n-type GaN. 
which also functions as an n-side contact layer in the third 
embodiment. 

14 denotes an n-side cladding layer of Super lattice struc 
ture made by laminating Si-doped n-type Alo, GaosN (first 
nitride semiconductor layer) 40 angstroms thick and undoped 
GaN layer (second nitride semiconductor layer) 40 angstroms 
thick, alternately in 100 layers. In the third embodiment, the 
n-side cladding layer 14 is formed at a position located apart 
from the active layer. 

15 denotes an n-side guide layer made of for example, 
undoped GaN which is placed between the n-side cladding 
layer 14 and the active layer 16 and has a band gap energy 
lower than that of Alo GaosN of the n-side cladding layer 14. 
A semiconductor region 203 of n conductivity side is con 

stituted from the n-side buffer layer 11, the n-side cladding 
layer 14 and the n-side optical waveguide layer 15. 

16 denotes an active layer of multi-quantum well structure 
made by laminating three quantum well layers made of 
AloGaosN with a thickness of 30 angstroms and two barrier 
layers made of InoosGaolos Nhaving a bandgap energy higher 
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than that of the quantum well layers and thickness of 30 
angstroms, alternately, in five layers in all. 

17 denotes a p-side cap layer made of for example, Mg 
doped p-type Alo Gao N which has a bandgap energy higher 
than the band gap energy of the quantum well layers of the 
active layer 16 and higher than the band gap energy of the 
p-side optical waveguide layer 18. The bandgap energy of the 
p-side cap layer 17 is preferably set to be higher than that of 
the nitride semiconductor layer (fourth nitride semiconductor 
layer) which has less band gap energy among the p-side 
cladding layer 19 of the Super lattice structure. 

18 denotes the p-side guide layer made of for example, 
undoped GaN which is placed between the p-side cladding 
layer 19 and the active layer 16 and has a band gap energy 
lower than that of AlGaosN of the p-side cladding layer 19. 

19 denotes a p-side cladding layer of Super lattice structure 
made by laminating Mg-doped p-type Alo GaosN which is 
40 angstroms thick and undoped GaN layer 40 angstroms 
thick, alternately in 100 layers, located apart from the active 
layer. 
20 denotes a p-side contact layer made of for example, 

Mg-doped GaN which has a band gap energy lower than that 
of the Al Gao N of the p-side cladding layer 19. 
A semiconductor region 253 of p conductivity side is con 

stituted from the p-side cap layer 17, the p-side optical 
waveguide layer 18, the p-side cladding layer 19 and the 
p-side contact layer 20. 
As described above, the laser device of the third embodi 

ment of the present invention has such a structure as the 
nitride semiconductor layers 11 and 14 through 20 are lami 
nated on the GaN substrate 100, wherein stripe ridge is 
formed on the nitride semiconductor layer located over the 
p-side cladding layer 19 and the p electrode 21 is formed on 
substantially the entire surface of the p-side contact layer 20 
located on the outermost surface of the ridge. On the surface 
(top surface) of the exposed n-side buffer layer 11, on the 
other hand, is formed then electrode 23. In the third embodi 
ment, then electrode 23 is formed on the surface of the n-side 
buffer layer 11, but because the GaN substrate 100 is used as 
the Substrate. Such a configuration may also be employed as 
the portion where the n electrode is to be formed is etched 
down to the GaN substrate 100 thereby to expose the surface 
of the GaN substrate 100, then then electrode is formed on the 
exposed GaN substrate 100 so that the p electrode and the n 
electrode are provided on the same side. An insulating film 25 
made of for example, SiO is formed on the exposed surface 
of the nitride semiconductor except for the top of the n elec 
trode 23 and the p electrode 21, while then pad electrode 22 
and the n pad electrode 24 are provided for the purpose of 
bonding for the connection with the p electrode 21 and the n 
electrode 23 via the apertures in the insulating film 25 above 
the n electrode 23 and the p electrode 21. While the region 
comprising the nitride semiconductor layers placed between 
the active layer and the p electrode is referred to as the 
semiconductor region of p conductivity side, this does not 
mean that all the nitride semiconductor layers constituting the 
semiconductor region have p-type conductivity. Similarly, 
the region comprising the nitride semiconductor layers 
placed between the active layer and a GaN substrate 100 is 
referred to as the semiconductor region of n-side conductiv 
ity, this does not mean that all the nitride semiconductor 
layers constituting the region have n-type conductivity, as 
described previously. 
The laser device according to the third embodiment of the 

present invention has the n-side cladding layer 14 of Super 
lattice structure made by laminating the first nitride semicon 
ductor layer having a high band gap energy and the second 
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nitride semiconductor layer having a band gap energy lower 
than that of the first nitride semiconductor layer, the two 
layers having different impurity concentrations, provided at 
positions apart from the active layer 16 in the n-side nitride 
semiconductor layer located below the active layer 16 shown 
in FIG. 3. Thickness of the first nitride semiconductor layer 
and the second nitride semiconductor layer which constitute 
the super lattice layer is preferably controlled to be within 100 
angstroms, more preferably within 70 angstroms and most 
preferably within a range from 10 to 40 angstroms. When the 
thickness is greater than 100 angstroms, the first nitride semi 
conductor layer and the second nitride semiconductor layer 
become thicker than the elastic strain limit and microscopic 
cracks or crystal defect tend to develop in the film. While the 
lower limit of the thickness of the first nitride semiconductor 
layer and the second nitride semiconductor layer is not speci 
fied according to the present invention and may be of any 
value as long as it is monoatomic layer or thicker, it is pref 
erably 10 angstroms or greater. Further, the first nitride semi 
conductor layer is preferably made by growing a nitride semi 
conductor which includes at least Al, preferably AlGaN 
(0<Xs 1). While the second nitride semiconductor layer may 
be anything as long as it is a nitride semiconductor having a 
band gap energy lower than that of the first nitride semicon 
ductor layer, it is preferably made of a nitride semiconductor 
of binary mixed crystal or ternary mixed crystal such as 
AlGaN (0sYs 1, X->Y) and In-GalN (0sZ.<1) which 
can be grown easily and provide good quality of crystal. 
According to the present invention, it is more preferable that 
the first nitride semiconductor be AlGaN (0<X<1) which 
does not include In and the second nitride semiconductor be 
In GaN (0s Z-1) which does not include Al, and most 
preferably the first nitride semiconductor is AlGaN 
(0<Xs0.3) with the mixing proportion of Al (value of Y) 
being 0.3 or less and the second nitride semiconductor is 
GaN, for the purpose of obtaining super lattice of excellent 
quality of crystal. 
When the first nitride semiconductor is made by using 

AlGaN (0<X<1) and the second nitride semiconductor is 
made by using GaN, a remarkable advantage in terms of 
manufacture as described below can be obtained. That is, 
when forming the AlGaN (0<X<1) layer and the GaN. 
layer by metal organic vapor phase deposition process 
(MOVPE: metal organic vapor phase epitaxy), every layer 
can be grown in the same H2 atmosphere. Therefore, a Super 
lattice layer can be formed by growing the Al-GalN 
(0<x<1) layer and the GaN layer alternately without changing 
the atmosphere. This provides a remarkable advantage when 
manufacturing the Super lattice layer which requires several 
tens to several hundreds of layers to be laminated. 

The cladding layer which has the functions of light trap 
ping layer and carrier trapping layer must have a band gap 
energy higher than that of quantum well structure of the active 
layer. Although a nitride semiconductor of high mixing pro 
portion of Al can be used to make a nitride semiconductor 
layer of a relatively high band gap energy, it has been very 
difficult to grow a crystal of nitride semiconductor of high 
mixing proportion of Al, because of cracks which are likely to 
develop in a thick film. When formed in a super lattice layer 
as in the case of the present invention, however, cracks are 
made less likely to occur because the crystal is grown to a 
thickness within the elastic strain limit, even when the AlGaN 
layer formed as the first nitride semiconductor layer consti 
tuting the Super lattice layer is made with a somewhat high 
mixing proportion of Al. With this configuration, in the 
present invention, a layer having a high mixing proportion of 
Al can be grown with good quality of crystal, and therefore it 
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is made possible to form a cladding layer having good effects 
of light trapping and carrier trapping, thereby reducing the 
threshold voltage in the laser device. The present invention 
can also be applied to LED devices, in which case it is made 
possible to decrease Vf (forward voltage) in the LED device. 

Further in the laser device according to the third embodi 
ment of the present invention, n-type impurity concentration 
is set to be different between the first nitride semiconductor 
layer and the second nitride semiconductor layer of the n-side 
cladding layer 14. This configuration is the so-called modu 
lation doping. When one layer is made with lower n-type 
impurity concentration or is preferably undoped with the 
impurity and the other layer is doped in a higher concentra 
tion, this modulation doping is also capable of decreasing the 
threshold voltage and Vf. This is because the presence of a 
layer having a low impurity concentration in the Super lattice 
layer increases the mobility in the layer, and coexistence of a 
layer having a high concentration of impurity makes it pos 
sible to form a super lattice layer even when the carrier con 
centration is high. That is, it is Supposed that the coexistence 
of a layer of low impurity concentration and high mobility 
and a layer of high impurity concentration and high carrier 
concentration allows a layer having a high impurity concen 
tration and high mobility to be a cladding layer, thus decreas 
ing the threshold Voltage and Vf. 
When a nitride semiconductor layer having a high bandgap 

energy is doped with an impurity in a high concentration, the 
modulation doping effect is Supposed to generate two dimen 
sional electron gas between a high impurity concentration 
layer and a low impurity concentration layer, so that the 
resistivity decreases due to the effect of the two dimensional 
electron gas. In a super lattice layer made by laminating a 
nitride semiconductor layer which is doped with an n-type 
impurity and has a high band gap energy and an undoped 
nitride semiconductor layer with a low band gap energy, for 
example, the barrier layer side is depleted in the hetero 
junction interface between the layer which is doped with the 
n impurity and the undoped layer, while electrons (two 
dimensional electron gas) accumulate in the vicinity of the 
interface on the side of the layer having lower bandgap. Since 
the two dimensional electron gas is formed on the lower band 
gap side and therefore the electron movement is not subject to 
disturbance by the impurity, electron mobility in the super 
lattice increases and the resistivity decreases. It is also Sup 
posed that the modulation doping on p side is caused by the 
effect of the two dimensional positive hole gas. In the case of 
player, AlGaN has higher resistivity than GaN has. Thus it is 
Supposed that, because the resistivity is decreased by doping 
AlGaN with p type impurity in a higher concentration, a 
Substantial decrease is caused in the resistivity of the Super 
lattice layer, thereby making it possible to decrease the 
threshold value when the laser device is made. 
When a nitride semiconductor layer having a low bandgap 

energy is doped with an impurity in a high concentration, 
such an effect as described below is expected to be produced. 
When the AlGaN layer and the GaN layer are doped with the 
same amounts of Mg, for example, acceptor level of Mg 
becomes deeper and the activation ratio becomes lower in the 
AlGaN layer. In the GaN layer, on the other hand, acceptor 
level of Mg becomes less deep and the Mg activation ratio 
becomes higher than in the A1GaN layer. When doped with 
Mg in a concentration of 1x10'/cm, for example, carrier 
concentration of about 1x10"/cm is obtained in GaN, while 
the concentration obtained in AlGaN is only about 1x10'7/ 
cm. Hence in the present invention, a Super lattice layer is 
made from AlGaN and GaN and the GaN layer from which 
higher carrier concentration can be expected is doped with 
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greater amount of impurity, thereby forming Super lattice of a 
high carrier concentration. Moreover, because tunnel effect 
causes the carrier to move through the A1GaN layer of a lower 
impurity concentration due to the Super lattice structure, the 
carrier can move in the AlGaN layer under almost no influ 
ence of the impurity, while the AlGaN layer functions also as 
a cladding layer having a high band gap energy. Therefore, 
even when the nitride semiconductor layer of lower band gap 
energy is doped with a greater amount of impurity, very good 
effect can be obtained in decreasing the threshold voltage of 
the laser device or LED device. The above description deals 
with a case of forming the Super lattice layer on p-type layer 
side, although similar effect can be obtained also when a 
Super lattice layer is formed on the n layer side. 
When the first nitride semiconductor layer having a higher 

band gap energy is doped with an n-type impurity in a high 
concentration, the amount of doping in the first nitride semi 
conductor layer is preferably controlled within a range from 
1x10'7/cm to 1x10/cm, or more preferably within a range 
from 1x10"/cm to 5x10'/cm. When the impurity concen 
tration is lower than 1x10'7/cm, the difference from the 
concentration in the second nitride semiconductor layer 
becomes too small to obtain a layer of high carrier concen 
tration. When the impurity concentration is higher than 
1x10'/cm, on the other hand, leak current in the device 
itself tends to increase. Meanwhile the n-type impurity con 
centration in the second nitride semiconductor layer may be 
at any level as long as it is lower than that of the first nitride 
semiconductor layer, but it is preferably lower than one tenth 
of the latter. Most preferably the second nitride semiconduc 
tor layer is undoped, in which case a layer of the highest 
mobility can be obtained. However, because each of the com 
ponent layers of a Superlattice layer is thin, Some of the n-type 
impurity diffuses from the first nitride semiconductor into the 
second semiconductor layer. Though even in this case, effects 
of the present invention can be obtained when the n-type 
impurity concentration in the second nitride semiconductor 
layer is within 1x10'/cm. The n-type impurity is selected 
from among the elements of VB group and VIB group of the 
periodic table such as Si, Ge, Se, S and O, and preferably 
selected from among Si, Ge and S. The effect is the same also 
in case the first nitride semiconductor layer having a higher 
bandgap energy is doped with less amount of n-type impurity 
and the second nitride semiconductor layer having a lower 
band gap energy is doped with greater amount of N-type 
impurity. 
The laser device according to the third embodiment of the 

present invention has the p-side cladding layer 19 of super 
lattice structure made by laminating a third nitride semicon 
ductor layer having a high band gap energy and a fourth 
nitride semiconductor layer having a band gap energy lower 
than that of the third nitride semiconductor layer, the two 
layers having different impurity concentrations, provided at 
positions apart from the active layer 16 in the p-side nitride 
semiconductor layer located above the active layer 16 shown 
in FIG. 3. Thickness of the third nitride semiconductor layer 
and the fourth nitride semiconductor layer which constitute 
the super lattice layer are preferably controlled to be within 
100 angstroms, more preferably within 70 angstroms and 
most preferably within a range from 10 to 40 angstroms, as in 
the case of the n-side cladding layer 14. Similarly, the third 
nitride semiconductor layer is preferably made by growing a 
nitride semiconductor which includes at least Al, preferably 
AlGaN (0<Xs 1). The fourth nitride semiconductor is 
preferably made of a nitride semiconductor of binary mixed 
crystal or ternary mixed crystal Such as AlGaN (0sYs 1, 
X>Y) or In-GalN (0szs 1). 
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When the p-type cladding layer 19 is made in super lattice 

structure, the Super lattice structure has the same effect on the 
laser device as that of the n cladding layer 14, and also has 
Such an effect as follows in addition to the case of forming on 
then layer side. That is, the p-type nitride semiconductor has 
resistivity which is usually at least two orders of magnitude 
higher compared to n-type nitride semiconductor. Therefore, 
when a Super lattice layer is formed on the player side, 
remarkable effect of reducing the threshold voltage is 
obtained. Nitride semiconductor is known to be a semicon 
ductor which is difficult to obtain in the form of p-type crystal. 
Such a process has been known where a nitride semiconduc 
tor layer doped with a p-type impurity is annealed and then 
hydrogen is removed thereby manufacturing a p-type crystal 
(Japanese Patent No. 2540791). However, the p-type nitride 
semiconductor thus obtained has resistivity as high as several 
ohm-centimeters at the lowest. By turning this p-type layer 
into a Super lattice layer, better quality of crystal can be 
obtained and the resistivity can be reduced at least one order 
of magnitude lower than that of the prior art, thereby making 
it possible to decrease the threshold voltage. 

In the third embodiment, the third nitride semiconductor 
layer and the fourth nitride semiconductor layer of the p-type 
cladding layer 19 are set to have different concentrations of 
p-type impurity, so that one layer has a high impurity concen 
tration and the otherlayer has a lower impurity concentration. 
Similarly to the case of the n-side cladding layer 14, threshold 
voltage and Vf can be decreased by doping the third nitride 
semiconductor layer which has a high band gap energy with 
the p-type impurity in a higher concentration and doping the 
fourth nitride semiconductor layer which has a low band gap 
energy with the p-type impurity in a lower concentration. 
A configuration reverse to the above is also possible: the 

third nitride semiconductor layer which has high band gap 
energy is doped with the p-type impurity in a lower concen 
tration and the fourth nitride semiconductor layer which has 
low band gap energy is doped with the p-type impurity in a 
higher concentration. The reason is as described previously. 
The amount of doping in the third nitride semiconductor 

layer is preferably controlled within a range from 1x10"/cm 
to 1x10''/cm, or more preferably within a range from 
1x10"/cm to 5x10'/cm. When the impurity concentration 
is lower than 1x10"/cm, the difference from the concentra 
tion in the fourth nitride semiconductor layer becomes too 
small to obtain a layer of high carrier concentration. When the 
impurity concentration is higher than 1x10°/cm, on the 
other hand, quality of crystal tend to deteriorate. Meanwhile 
the p-type impurity concentration in the fourth nitride semi 
conductor layer may be at any level as long as it is lower than 
that of the third nitride semiconductor layer, but it is prefer 
ably lower than one tenth of the latter. Most preferably the 
fourth nitride semiconductor layer is undoped, in order to 
obtain the highest mobility. In practice, however, because the 
film is thin, some of the p-type impurity diffuses from the 
third nitride semiconductor. In order to obtain good effect in 
the present invention, the concentration is preferably within 
1x10'/cm. The p-type impurity is selected from among the 
elements of IIA group and IIB group of the periodic table such 
as Mg., Zn, Ca and Be, and preferably selected from among 
Mg and Ca. The above applies also to Such a case as the third 
nitride semiconductor layer having higher bandgap energy is 
doped with less amount of p-type impurity and the fourth 
nitride semiconductor layer having lower band gap energy is 
doped with greater amount of p-type impurity. 

In the nitride semiconductor layer constituting the Super 
lattice layer, the layer doped with the impurity in a higher 
concentration is preferably doped so that such a distribution 
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of impurity concentration is obtained, that the impurity con 
centration is high in the middle portion of the semiconductor 
layer in the direction of thickness (located far from the second 
nitride semiconductor layer or the fourth nitride semiconduc 
tor layer) and is low (or undoped) in the portions near the ends 
(portions adjacent to the second nitride semiconductor layer 
and the fourth nitride semiconductor layer). When the super 
lattice layer is formed from the AlGaN layer doped with Sias 
n-type impurity and the undoped GaN layer, the AlGaN layer 
releases electrons as donor into the conductive band because 
it is doped with Si, the electrons fall in the conductive band of 
the GaN which has a low potential. Because the GaN crystal 
is not doped with the donor impurity, carrier disturbance due 
to an impurity does not occur. Thus the electrons can move 
easily in the GaN crystal, namely high electron mobility is 
obtained. This is similar to the effect of the two dimensional 
electron gas described previously, thus increasing the mobil 
ity of the electrons substantially in the transverse direction 
and decreasing the resistivity. In the A1GaN layer having a 
high band gap energy, the effect is further enhanced when the 
central region relatively apart from the GaN layer is doped 
with the n-type impurity in a high concentration. That is, 
among the electrons that move in GaN. electrons passing 
through a portion near the A1GaN are more or less subject to 
disturbance by the n-type impurity ions (Si in this case) which 
are present in a portion of the AlGaN layer adjacent to the 
GaN layer. However, when a portion of the AlGaN layer 
adjacent to the GaN layer is undoped as described above, 
electrons passing through the portion near the A1GaN layer 
become less subject to the disturbance of Si, and therefore 
mobility in the undoped GaN layer is further improved. Simi 
lar effect is obtained also when super lattice is formed from 
the third nitride semiconductor layer of the player side and 
the fourth nitride semiconductor layer, although the action is 
different somewhat, and it is preferable that the third nitride 
semiconductor layer having a high band gap energy be doped 
with the p-type impurity in a higher concentration at the 
middle portion thereof and doped in a lower concentration or 
undoped at all at portions which are adjacent to the fourth 
nitride semiconductor layer. Although the impurity concen 
tration distribution may also be realized in the nitride semi 
conductor layer having a low band gap energy doped with the 
n-type impurity in a higher concentration, a Super lattice layer 
made by doping the nitride semiconductor layer of a lower 
band gap energy has less effect. 

While the configurations where the n-side cladding layer 
14 and the p-side cladding layer 19 are made in super lattice 
layer structure have been described above, according to the 
present invention, the n-side buffer layer 11 acting as a con 
tact layer, the n-side optical waveguide layer 15, p-side cap 
layer 17, the p-side optical waveguidelayer 18, p-side contact 
layer 20, or the like may also be formed in super lattice 
structure. That is, any layer, whether it makes contact with the 
activation or not, may be formed in Super lattice structure. 
When the n-side buffer layer 11 whereon the n electrode is 
formed is formed in Super lattice structure, in particular, the 
effect similar to that of HEMT can be easily obtained. 

Further in the laser device according to the third embodi 
ment of the present invention, the n-side optical waveguide 
layer 15 in which the impurity (n-type impurity in this case) 
concentration is controlled within 1x10'/cm is formed 
between the n-side cladding layer 14 made of super lattice 
layer and the active layer 16, as shown in FIG. 3. Even when 
the n-side optical waveguide layer 15 is undoped, there is a 
possibility that the n-type impurity from other layers diffuses 
into this layer, although the effect of the present invention will 
not be lost provided that the concentration of the doped impu 
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rity is within 1x10'/cm, in which case the n-side optical 
waveguide layer 15 functions as an optical waveguide layer. 
However, according to the present, invention, impurity con 
centration in the n-side optical waveguide layer 15 is prefer 
ably within 1x10"/cm more preferably within 1x10'7/cm, 
and most preferably the n-side optical waveguide layer 15 is 
undoped. It is also preferable that the n-side optical 
waveguide layer 15 beformed from a nitride semiconductor 
which includes In or from GaN. 

Also in the laser device according to the third embodiment, 
the p-side optical waveguide layer 18 in which the impurity 
(p-type impurity in this case) concentration is controlled 
within 1x10'/cm is formed between the p-side cladding 
layer 19 made of super lattice layer and the active layer 16. 
According to the present invention, impurity concentration in 
the p-side optical waveguide layer 18 may be within 1x10"/ 
cm, but is preferably controlled within 1x10"/cm and most 
preferably the p-side optical waveguide layer 18 is undoped. 
While a nitride semiconductor shows n-type conductivity 
when undoped, conductivity of the p-side optical waveguide 
layer 18 may be either n-type or p-type according to the 
present invention and is referred to as p-side optical 
waveguide layer regardless of the conductivity type in this 
specification. In practice, there is a possibility that the p-type 
impurity from other layers diffuses into the p-side optical 
waveguide layer 18. It is preferable that the p-side optical 
waveguide layer be also formed from a nitride semiconductor 
which includes In or from GaN. 
The reason why it is preferable that an undoped nitride 

semiconductor be interposed between the active layer and the 
cladding layer is as follows. A nitride semiconductor is 
designed to have the active layer emit light of wavelength 
usually in a range from 360 to 520 nm, more particularly from 
380 to 450 nm. An undoped nitride semiconductor has lower 
absorptance for light of the wavelength region described 
above, than nitride semiconductors doped with n-type impu 
rity or p-type impurity. Therefore, when an undoped nitride 
semiconductor is interposed between a light emitting active 
layer and a cladding layer which acts as a light trapping layer, 
light emitted by the active layer is subject to less attenuation 
and it is made possible to make a laser device which oscillates 
with a low gain while decreasing the threshold voltage. This 
effect can beachieved when the impurity concentration in the 
optical waveguide layer is within 1x10'/cm. 
Thus a preferred embodiment of the present invention is a 

light emitting device which is located apart from an active 
layer and has a cladding layer of Super lattice structure that 
has been modulation-doped with an impurity, and a guide 
layer which is doped with an impurity in a low concentration 
or preferably undoped, interposed between the cladding layer 
and the active layer. 

Further preferred embodiment is the light emitting device 
of the third embodiment wherein a quantum well layer of 
active layer and the p-side cap layer 17 made of a nitride 
semiconductor of thickness 0.1 um or less having a band gap 
energy higher than the band gap energy of the interface of the 
p-side guidelayer 18 is formed between the p-side guidelayer 
18 and the active layer 16, with the impurity concentration in 
the p-side cap layer being controlled at 1x10/cm or higher. 
Thickness of the p-type cap layer 17 is controlled within 0.1 
um, more preferably within 500 angstroms, and most prefer 
ably within 300 angstroms. When grown to be thicker than 0.1 
um, cracks tend to develop in the p-type cap layer 17 thus 
making it difficult to grow a nitride semiconductor layer of 
good quality of crystal. When a thin layer having a high band 
gap energy is formed to a thickness within 0.1 um adjacent to 
the active layer, leak current in the light emitting device can 
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be decreased. This causes the electrons injected from the n 
layer side to accumulate in the active layer due to the energy 
barrier of the cap layer, resulting in increased probability of 
recombination of electrons and positive holes, thereby mak 
ing it possible to increase the output power of the device. It is 
necessary to control the impurity concentration in the cap 
layer at 1x10"/cm or higher. That is, the cap layer has a 
relatively high proportion of mixed Al, and a layer having a 
high proportion of mixed Al tends to have high resistance. 
Therefore, unless the layer is doped with an impurity to 
increase the carrier concentration and reduce the resistivity, 
the layer becomes similar to i layer of high resistance, thus 
forming p-i-n structure with poor current-Voltage character 
istics. The cap layer provided on the p side may also be 
formed on the n side. When formed on the n side, doping of 
the n-type impurity is not necessary. 

In the laser device of the third embodiment constituted as 
described above, because the n-side cladding layer 14 and the 
p-side cladding layer 19 are made in Super lattice structure, 
electric resistance and the threshold voltage of the n-side 
cladding layer 14 and the p-side cladding layer 19 can be 
reduced and the laser can be oscillated for a long period of 
time. 

In the laser device of the third embodiment, reduction of 
the threshold Voltage is attempted with various means as 
described above, in addition to the constitution of the n-side 
cladding layer 14 and the p-side cladding layer 19 in Super 
lattice structure. 

Although the n-side cladding layer 14 and the p-side clad 
ding layer 19 are made in super lattice structure in the third 
embodiment, the present invention is not limited to this con 
figuration and either one of the n-side cladding layer 14 and 
the p-side cladding layer 19 may be made in super lattice 
structure. With such a configuration, too, the threshold volt 
age can be reduced compared to the prior art. 

Although the n-side cladding layer 14 and the p-side clad 
ding layer 19 are made in super lattice structure in the third 
embodiment, the present invention is not limited to this con 
figuration and it suffices that any one or more of the p-side and 
n-side nitride semiconductor layers other than the n-side clad 
ding layer 14 and the p-side cladding layer 19 may be made in 
Super lattice structure. With Such a configuration, too, the 
threshold Voltage can be reduced compared to the prior art. 

Although the n-side cladding layer 14 and the p-side clad 
ding layer 19 are made in super lattice structure in the laser 
device of the third embodiment, the present invention is not 
limited to this configuration and can be applied to other 
nitride semiconductor devices such as light emitting diode 
(LED), as a matter of course. With such a configuration, Vf 
(forward Voltage) can be reduced in the case of a light emit 
ting diode. 
As described above, because the laser device of the third 

embodiment has the cladding layer made in Superlattice layer 
made by modulation doping of an impurity, the threshold 
Voltage can be decreased and oscillation can be continued for 
along period of time. Also the laser device can be set to a high 
characteristic temperature which makes it possible to make a 
good laser device. The characteristic temperature is the 
threshold current density as a function of temperature, which 
is proportional to exp (T/To), where T is the operating tem 
perature (K) and T is the characteristic temperature (K). In 
the laser device, higher value of To allows lower threshold 
current density even at a high temperature, resulting in stable 
operation. In the laser device of embodiment 27 to be 
described later, for example. To is as high as 150K or over. 
This value indicates excellent temperature characteristic of 
the LD. Thus when the laser device of the present invention is 
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used as a writing light Source and/or reading light Source, a 
capacity not obtained with the prior art can be achieved, 
providing a great value of industrial utilization 

Embodiment 4 

FIG. 9 is a schematic perspective view showing the shape 
of the laser device according to the fourth embodiment of the 
present invention. FIG. 9 also shows the cross section of the 
device when cut in a direction perpendicular to the ridge 
stripe. The fourth embodiment of the present invention will be 
described below by referring to FIG.9. 

Each layer of the laser device according to the fourth 
embodiment is formed in a manner as described below. 
(Underlying Layer 302) 
The underlying layer 302 is, for example, made of GaN and 

has a thickness of 4 um. The underlying layer 302 is formed 
via a 200-angstrom-thick buffer layer (not shown) consisting 
of GaN on an auxiliary substrate 301 made of for example, 
sapphire. The underlying layer 302 forms partially a protec 
tive film on the surface and is used for the layer on which the 
nitride semiconductor Substrate is to be grown selectively. 
The underlying layer 302 is made of GaN or AlGaN and 
in the case of including Al, AlGaN (0sXs:0.5) having a 
Al mixed crystal ratio exceeds 0.5, cracking easily occurs in 
the crystal itself, rather than the crystal defects, resulting in 
difficulty of the crystal growing itself. The underlying layer 
302 is desirably grown to a larger thickness than that of the 
buffer layer and adjusted to not more than 10 um. The auxil 
iary substrate 301 may be made of SiC., ZnO, spinel, GaAs 
and the like, as well as Sapphire, which are known to be used 
for growing the nitride semiconductors and are different from 
nitride semiconductors. 
(Protective Film 303) 

For a protective film 303, 1-um-thick SiO, film having a 
Sufficient length in the resonating direction is patterned to 
form 10-um-wide stripe windows with a periodicity of 2 um 
on the underlying layer 302. The examples of the protective 
film may include stripes, dots or checks. The protective film 
303 may preferably have a larger area than the windows (the 
exposed parts of the underlying layer 302 on which the SiO, 
is not formed), so as to grow a nitride semiconductor Substrate 
304 with less crystal defects. The materials of the protective 
film 303 may include oxides such as silicon oxide (SiO), 
silicon nitride (Si,Ni), titanium oxide (TiO) and zirconium 
oxide (ZrO), nitrides, or multi-layer film thereof, as well as 
metals having a melting point higher than 1200° C. These 
materials can stand at high temperatures ranging between 
600° C. and 1100° C. at which nitride semiconductors can be 
grown and nitride semiconductors do not grow or are difficult 
to grow on the Surface of the materials. 
(Nitride Semiconductor Substrate 304) 

For a nitride semiconductor substrate 304, for example, 
undoped GaN having a thickness of for example, 20 um is 
grown on the protective film 303 using MOVPE method. The 
nitride semiconductor Substrate 304 may be grown using 
Halide Vapor Phase Epitaxy (HVPE) method as well as using 
MOVPE method in this way. The nitride semiconductor sub 
strate may be most preferably obtained by growing GaN 
without In or Al. It is most desirable to use TMG as well as 
organic gallium compounds such as triethylgallium (TEG) as 
a gas for growth and to use ammonia or hydrazine as nitrogen 
Sources. Donor impurities such as Si and Ge may be doped to 
the GaN substrate so as to adjust the carrier density to the 
suitable range. In the case that the auxiliary substrate 301, the 
underlying layer 302, and the protective film 303 are elimi 
nated, the nitride semiconductor Substrate functions as a con 
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tact layer and therefore, donor impurities may be desirably 
doped to the nitride semiconductor substrate. 
(n-Side Buffer Layer 311—which Also Functions as a Contact 
Layer) 
The n-side buffer layer 311 is obtained, for example, by 

forming a 5um-thick GaN doped with Si to 3x10"/cmon 
the nitride semiconductor substrate 304. The buffer layer 311 
functions as a contact layer for forming a n-electrode in the 
case of the fabrication of the light emitting device having a 
structure as shown in FIG. 9. In the case that the auxiliary 
substrate 301 to the protective film 303 are eliminated and the 
electrode is formed on the nitride semiconductor substrate 
304, the n-side buffer layer can be omitted. The n-side buffer 
layer 311 is one which is grown at high temperature and is 
different from the buffer layer which is formed by growing 
GaN. AlN and the like to a thickness of 0.5 um or less directly 
on the substrate of the material such as sapphire, SiC and 
spinel and which is different from the nitride semiconductor 
at a low temperature of 900° C. or less. 
(Crack-Preventing Layer 312) 
The crack-preventing layer 312 is formed by, for example, 

growing InooGaosN to a thickness of 0.15um on the n-side 
buffer layer 311. 
(n-Side Cladding Layer 313=Super Lattice Layer) 
The n-side cladding layer 313 is composed of a super 

lattice layer which is obtained by laminating alternately the 
25-angstrom-thick first layer consisting of n-type 
AlGas N doped with Si to 1x10"/cm and the 25-ang 
strom-thick second layer consisting of undoped GaN, and has 
a total thickness of, for example, 1.2 Lum. The n-side cladding 
layer 313 composed of a Super lattice layer has an average Al 
composition of 8.0% and the product of that and the film 
thickness equals 9.6. In the case that the n-side cladding layer 
313 is composed of a super lattice layer obtained by laminat 
ing the nitride semiconductor layers which have different 
band gap energy from each other, more impurities may be 
doped to one layer, that is, modulation-doping may be per 
formed, so as to lower the threshold value. The composition 
and thickness of the n-side cladding layer 313 (a super lattice 
layer) will be described in detail below. 
(n-Side LightWaveguide Layer 314) 
The n-side light waveguide layer 314 is made of undoped 

GaN and has a thickness of, for example, 0.1 um. The n-side 
light waveguide layer functions as a light waveguide layer for 
the active layer. The n-side light waveguide layer is desirably 
formed by growing GaN or InGaN to a thickness, usually 
ranging between 100 angstroms and 5um, preferably ranging 
between 200 angstroms and 1 Lum. 
(Active Layer 315) 
The active layer 315 is made by alternately laminating a 

quantum well layer which is made of undoped Ino, GaosN 
and has a thickness of 40 angstroms and a barrier layer made 
of undoped Inoo, GaogoN and has a thickness of 100 ang 
stroms, thereby forming a layer of multiple quantum well 
structure having a total thickness of for example, 440 ang 
stroms. The active layer 315 may be undoped as in the present 
embodiment or may be doped with donor impurities and/or 
p-type impurities. In this case, either both or one of the quan 
tum well layer and the barrier layer may be doped with the 
impurity. 
(p-Side Cap Layer 316) 
The p-side cap layer 316 has band gap energy higher than 

that of the p-side light waveguide layer 317 which is formed 
thereon, and is made of p-type Alo Gao Ndoped with Mg in 
a concentration of 1x10"/cm and has a thickness of, for 
example, 300 angstroms. The p-type cap layer 316 has a 
thickness of 0.1 um or less so as to enhance the laser of the 
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device. The lower limit of the film thickness is not specified, 
but the p-side cap layer 316 may desirably have a thickness of 
10 angstroms or more. 
(p-Side LightWaveguide Layer 317) 
The p-side light waveguide layer317 has band gap energy 

lower than that of the p-side cap layer 316, and is made of for 
example, undoped GaN and has a thickness of 0.1 um. The 
p-side light waveguide layer functions as a light waveguide 
layer for the active layer and is desirably made of GaN or 
InGaN like the n-type light waveguide layer 314. 
(p-Side Cladding Layer 318) 
The p-side cladding layer 318 has a super lattice structure 

made by alternately laminating the third layer which is made 
of p-type Al Gas N doped with Mg to 1x10'/cm and 
has a thickness of 25 angstroms and the fourth layer which is 
made of undoped GaN and has a thickness of 25 angstroms. 
The p-side cladding layer 318 has an average Al composition 
of 8% and the product of the value and the film thickness 
equals 4.8. In the case that the p-side cladding layer 318 is 
composed of a Super lattice layer obtained by laminating the 
nitride semiconductor layers at least one of which includes a 
nitride semiconductor layer containing Al and which have 
different band gap energy from each other, more impurities 
may be doped to any one layer, that is, modulation-doping 
may be performed, so as to lower the threshold value. The 
composition and thickness of the p-side cladding layer 318 (a 
super lattice layer) will be described in detail below. 
Now, the thickness of the core part (waveguide part) which 

is sandwiched between the cladding layers will be described 
below. The core part is the area including the n-side light 
waveguide layer 314, active layer 315, p-side cap layer 316 
and the p-side light waveguide layer 317, that is, the nitride 
semiconductor layers including the active layer which are 
sandwiched between the n-side cladding layer and the p-side 
cladding layer and the area which waveguides the emitting 
from the active layer. In the case of the nitride semiconductor 
laser device, as mentioned above, FFP is not a single beam 
because the emission leaking via the cladding layer can be 
wave-guided within the n-side contact layer, resulting in 
multi-mode. Otherwise, the emission is resonated within the 
core part, resulting in multi-mode. According to the present 
inventions the n-side cladding layer has a large thickness and 
a large average Al composition in order to obtain the differ 
ence between the refractive indices and to trap the emission 
from the core part within the cladding layer. However, if the 
multi-mode occurs within the core part, FFP is disturbed. 
Therefore, in order that the multi-mode does not occur within 
the core part, the thickness of the core part is desirably 
adjusted, with respect to the n-side cladding layer. The thick 
ness is desirably adjusted to the range from 200 angstrom to 
1.0 um, preferably from 500 angstroms to 0.8 um, most pref 
erably from 0.1 um to 0.5 um, in order that the multi-mode 
does not occur within the core part. If the thickness is below 
200 angstroms, the emission leaks from the core part to 
increase the threshold value. If the thickness is above 1.0 um, 
the multi-mode is likely to occur. 
(p-Side Contact Layer 319) 
The p-side contact layer 319 is made of for example, 

p-type GaN doped with Mg to 2x10'/cm and has a thickness 
of for example, 150 angstrom. The p-side contact layer 319 
can be made in a constitution of p-type InAGaN (0sX, 
Osy, X-Ys 1), as well as p-type GaN as mentioned above, 
and the preferable ohmic contact with the p electrode 321 can 
be obtained by using GaN doped with Mg. 

In the embodiment 4, the wafer on which each nitride 
semiconductor layer is formed is preferably annealed at 700° 
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C. within the nitrogen atmosphere in the reactor, so as to 
decrease the resistance of the layer doped with the p-type 
impurity. 

In the laser device of the embodiment 4, the p-side contact 
layer 318 which is a top layer, and the p-side cladding layer 
are etched with the RIE apparatus to form a ridge geometry 
having a stripe width of 4 lum, as shown in FIG.9. When the 
ridge stripe is formed, the ridge stripe is formed above the 
position of the surface of the nitride semiconductor substrate 
304 where the crystal defects do not appear. In FIG. 9, the 
crystal defects appear in the central part of the protective film 
303 in the form of stripe and in the central part of the window 
in the form of stripe. Thus, when the stripe is formed at the 
point where almost no crystal defects are present, the crystal 
is prevented from developing to the active layer, with the 
result that the laser device can has a long lifetime and the 
reliability thereof can be enhanced. 

Further, a mask is formed on the ridge Surface and the 
etching is performed with RIE to expose the surface of the 
n-side buffer layer 311 on both sides of the ridge. On the 
exposed surface of the n-side buffer layer 311, then electrode 
322 made of Ti and Al is formed, respectively. 
And on the outermost surface of the ridge of the p-side 

contact layer 319, the p electrode 320 made of Ni and Au is 
formed in the form of stripe. As shown in FIG.9, the insulat 
ing film 323 made of SiO is formed on the surface of the 
nitride semiconductor layer which is exposed between the p 
electrode 320 and the n electrode 322. The p-pad electrode 
321 which is electrically connected to the p electrode 320 is 
formed via the insulating film 323. 

The sapphire substrate of the wafer on which the n elec 
trode and p electrode are formed in a manner as mentioned 
above is polished to a thickness of 70 Lum and cleaved into bars 
from the substrate, perpendicularly with respect to the stripe 
shaped electrode to fabricate a resonator in which the cleav 
ing facet functions as a reflective plane. A multi-layer dielec 
tric film made of SiO, and TiO, may be formed on the 
reflective plane. 
The laser device of the fourth embodiment is fabricated as 

described above. 
The laser device of the embodiment 4 fabricated as 

described above has as a light trapping layer the n-side clad 
ding layer 313 and the p-side cladding layer 318 of a super 
lattice structure which have smaller refractive indices than the 
well layer of the active layer and include nitride semiconduc 
tor, respectively. In the embodiment 4, the Supper lattice layer 
means the multi-layer structure obtained by laminating 
nitride semiconductor layers which have a thickness of not 
more than 100 angstroms respectively and have a different 
composition from each other. The thickness of the layer 
which is laminated is preferably not more than 70 angstroms, 
and more preferably not more than 40 angstroms. To be 
concrete, for example, the Super lattice layer may be made by 
laminating the layer made of AlGaN (0<X-1) and the 
other nitride semiconductor layer which has a different com 
position from the layer made of AlGaN, and by laminat 
ing the layer of the ternary mixed crystal and the layer of the 
ternary mixed crystal or the layer of the ternary mixed crystal 
and the layer of binary mixed crystal Such as AlGaN/ 
GaN, AlGaN/AlGaN (0<Y<1, Y<X), AlGaN/ 
In-GatN (0<Z<1) and so on. Thereamong, the most pref 
erable Super lattice layer is made of AlGaN and GaN. 

Next, the total thickness of the n-side cladding layer 313 
and the thickness and the composition of each layer which 
constitute the Super lattice layer according to the embodiment 
4 will be described. 
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First, in these specifications, the Alaverage composition of 

the Super lattice layer means that calculated as described 
below. For example, when the super lattice layer is made by 
laminating a 25-angstrom-thick Alo Gao N and a 25-ang 
strom-thick GaN in 200 pairs (1.0 um), the thickness of one 
pair is 50 angstroms and the mixing proportion of All of the 
layer containing Al is 0.5. Using the value 0.25 obtained by 
multiplying the mixing ratio of All of the layer containing Al, 
0.5, by the film thickness ratio (25/50), the A1 average com 
position of the super lattice layer is 25%. 
When the super lattice layer is made by laminating the 

layers having a different thickness, that is, by laminating a 
40-angstrom-thick AlosGao N and a 20-angstrom-thick 
GaN, the weighed mean of the film thickness is calculated to 
be 0.5 (40/60)=0.33, and therefore, the A1 average composi 
tion is 33.3. That is, the mixing ratio of Al of the nitride 
semiconductor layer containing Al multiplied by the ratio of 
said nitride semiconductor layer to one pair of the Super 
lattice layers equals the Alaverage composition in the present 
invention. When both layers contain Al, the A1 average com 
position can be obtained in the same manner. For example, the 
Super lattice layer is made by laminating a 20-angstrom-thick 
AlGasN and a 30-angstrom-thick Alo GaosN, 0.1 (20/ 
50)+0.2 (30/50)=0.16, that is, the A1 average composition is 
16%. The example mentioned above refers to A1GaN/GaN 
and AlGaN/AlGaN and the same calculation method can be 
applied to the case of AlGaN/InGaN. And, the A1 average 
composition of the n-side cladding layer can be detected with 
an instrument for analysis such as SIMS (secondary ion mass 
spectrometer) and Auger electron spectrometer. 

In the embodiment 4, the composition and the film thick 
ness of each layer which constitute the super lattice layer of 
the n-side cladding layer 313 is set on the basis of the Al 
average composition as calculated using the above-men 
tioned calculating method. The laser device according to the 
embodiment 4 is characterized in that the total thickness of 
the n-side cladding layer 313 is not less than 0.5um and the Al 
average composition in % of the n-side cladding layer 313 is 
set to be such that the product of the Al average composition 
(%) multiplied by the total thickness of the n-side cladding 
layer (Lm) is not less than 4.4. In other words, in the embodi 
ment 4, the thickness and the Alaverage composition of each 
layer constituting the Super lattice layer are set to be such that 
the total thickness of the n-side cladding layer 313 is not less 
than 0.5 um and the product of said thickness multiplied by 
the Al average composition in % as calculated in the above 
mentioned way is not less than 4.4. 
When the total thickness of the n-side cladding layer 313 is 

less than 0.5um and the product of said total thickness (Lm) 
multiplied by the Alaverage composition (%) is less than 4.4. 
the light trapping effect of the n-side cladding layer is insuf 
ficient and the resonance occurs again in the n-side contact 
layer, with the result that the FFP is disturbed and the thresh 
old value tends to increase. The product of the A1 average 
composition multiplied by the total thickness of the n-side 
cladding layer 313 is preferably not less than 5.0, more pref 
erably not less than 5.4, most preferably not less than 7.0. 

According to the present invention, because of the n-side 
cladding layer 313 composed of a super lattice layer, even if 
the mixing ratio of Al is increased, the cracks can be difficult 
to develop in the cladding layer. Therefore, the upper limit of 
the total thickness of the n-side cladding layer 313 is not 
specified from the viewpoint of crystralinity (from the view 
point in which the cracks are prevented from occurring), and 
however, it is desirable to control the thickness to be not more 
than 5um So as to decrease the laminating times of the nitride 
semiconductor layers which constitute the Super lattice layer. 
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To be concrete, for example, the total thickness of said 
n-side cladding layer is set to be not less than 0.8 um and the 
Al average composition which is contained in said n-side 
cladding layer is set to be not less than 5.5%. In this case, the 
product is not less than 4.4. Preferably, the total thickness of 
said n-side cladding layer is set to be not less than 1.0 um and 
the Al average composition which is contained in said n-side 
cladding layer is set to be not less than 5.0%. In this case, the 
product is not less than 5.0. More preferably, the total thick 
ness of said n-side cladding layer is set to be not less than 1.2 
um and the Alaverage composition which is contained in said 
n-side cladding layer is set to be not less than 4.5%. In this 
case, the product is not less than 5.4. The examples mentioned 
above described concretely the relation between the thickness 
of the n-side cladding layer and the Alaverage composition of 
the n-side cladding layer made in Super lattice structure. It is 
known that when the mixing ratio of Al in AlGaN is 
increased, the band gap energy increases and the refractive 
index decreases. Therefore, it is ideal and industrially conve 
nient that the AlGaN layer having a large mixing ratio of 
All of for example, not less than 0.5 is grown in a single layer 
of for example, a few um, however, the AlGaN layer is 
difficult to be grown thickly. If the AlGaN, particularly 
having a mixing ratio of Al of not less than 0.5, is intended to 
be grown in a single layer, the cracks should develop in the 
crystal in the thickness of for example, not less than 0.1 um. 
Thus, the AlGaN layer having a mixing ratio of Al of not 
less than 0.5 is difficult to be grown in a single layer having a 
thickness of, for example, a few um. 

However, according to the present invention, a thin film 
made of AlGaN is used to constitute a Super lattice layer 
and the thickness of the single film is not more than the critical 
film thickness of AlGaN, therefore, the cracks being to 
develop. Therefore, when the cladding layer is composed of a 
Super lattice layer, the layer having a high mixing ratio of Al 
and a large thickness can be grown. In the present invention, 
since the relation between the specific mixing ratio of Al and 
the thickness of the cladding layer could be found, the com 
bination thereof enables the light not to leak from the n-side 
cladding layer to the Substrate side. 
When the n-side cladding layer is constituted as mentioned 

above to trap the emission from the active layer, the -side 
cladding layer may have the same constitution as that of the 
n-side cladding layer. When the p-side cladding layer 318 is 
constituted in the same manner as the n-side cladding layer 
313, the thickness of the p-side cladding layer is desirably 
Smaller than that of the n-side cladding layer. Because, when 
the mixing ratio of Al or the thickness of the p-side cladding 
layer is large, the resistance of the AlGaN layer tends to 
increase with the result that the threshold value tends to 
increase. Therefore, even if the p-side cladding layer is con 
stituted of a Super lattice layer including the nitride semicon 
ductor layer containing Al and the product of the thickness 
multiplied by the Alaverage composition is not less than 4.4. 
the thickness is desirably no more than 1.0 lum. The lower 
limit is not specified but is desirably not less than 50 ang 
stroms in order to function as a cladding layer. In the case of 
the Super lattice layer, the Alaverage composition is desirably 
not more than 50%. Since the p-side cladding layer is shaped 
into a ridge and the electrode is installed thereon, the leakage 
of the light can be almost neglected and it is not necessary for 
the p-side cladding layer to have the same constitution as that 
of the n-side cladding layer 313, but the p-side cladding layer 
may have the same constitution as that of the n-side cladding 
layer. That is, the p-side cladding layer has a Super lattice 
structure including the nitride semiconductor layer contain 
ing at least Al and has a total thickness of not more than 1.0 
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um. Moreover, the Alaverage composition in % contained in 
the p-side cladding layer may be set to be such that the 
product of the total thickness (Lm) of the p-side cladding layer 
multiplied by the Alaverage composition (%) is not less than 
4.4. 
When the p-side cladding layer is composed of a Super 

lattice layer including the nitride semiconductor layer con 
taining Al (in this case, the leakage of light is not concerned 
and the case in which the cladding layer functions only as a 
carrier trapping layer is included), the total thickness of the 
n-side cladding layer is desirably larger than that of the p-side 
cladding layer. The p-side cladding layer is composed of a 
Super lattice layer made by laminating the nitride semicon 
ductor layers in the same way as the n-side cladding layer, for 
example, by laminating the AlGaN (0<X<1) layer and the 
other nitride semiconductor layer which has a different com 
position from said AlGaN layer, or by laminating the 
layer made of ternary mixed crystal and the layer made of 
ternary mixed crystal or the layer made of ternary mixed 
crystal ant the layer made of binary mixed crystal Such as 
AlGaN/GaN. AlGaN/A1GaN (0sYs 1, Y-X), 
AlGaN/In-GalN (0<Z<1) and so on. Thereamong, the 
most preferable Super lattice layer is made of AlGaN and 
GaN. 
The present invention will be described in detail in the 

following examples. 

EXAMPLES 

The invention will be described in detail in the following 
examples. 

Example 1 

According to Example 1 of the invention, nitride semicon 
ductor devices (LD devices), as shown in FIGS. 1 and 2, can 
be fabricated. The nitride semiconductor devices were fabri 
cated as follows. 

First, a C-plane sapphire substrate 10 was set in the reactor 
and the inside atmosphere of the reactor was fully replaced 
with hydrogen. The temperature of the substrate was 
increased to 1050° C. with hydrogen flown in order to clean 
the substrate. 

Subsequently, the temperature was decreased to 510°C. A 
first buffer layer 11 consisting of GaN was grown to a film 
thickness of about 200 angstrom using hydrogen as a carrier 
gas, ammonia and TMG (trimethylgallium) as a source of 
GaN. 

After growing the buffer layer, only TMG was stopped and 
the temperature was increased to 1050° C. At 1050° C. in the 
same way using ammonia and TMG (trimethylgallium) as a 
source of GaN, a 5um-thick second buffer layer 112 consist 
ing of undoped GaN having a carrier density of 1x10"/cm 
was grown. 

Subsequently, a 1 um-thick n-side contact layer 12 consist 
ing of n-type GaN doped with Si to 1x10'/cm was grown, 
using TMG and ammonia and silane gas (SiH) as a source of 
impurity at 1050° C. 

Next, the temperature was increased to 800° C. A 500 
angstrom-thick crack-preventing layer consisting 
In GaN doped with Si to 5x10"/cm was grown, using 
TMG, TMI (trimethylindium) and ammonia as source gases 
and silane gas as a source of impurity. 

Then, the temperature was increased to 1050° C. and a 
20-angstrom-thick first layer consisting of n-type 
AloGaosN doped with Si to 5x10"/cm was grown, using 
TMA, TMG, ammonia and silane gas. Subsequently, TMA 
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and silane were stopped and a 20-angstrom-thick second 
layer consisting of undoped GaN was grown. Then, each of 
these operations was repeated 100 times and an-side cladding 
layer 14 of Superlattices having a total thickness of 0.4 um 
was grown. 

Subsequently, a 0.1 um-thick n-side light guide layer 15 
consisting of n-type GaN doped with Si to 5x10'/cm was 
grown at 1050° C. 

Next, an active layer 16 was grown using TMG, TMI, 
ammonia and silane. For the active layer 16, first, a 25-ang 
strom-thick well layer 25 consisting of InGaosN doped 
with Sito 8x10''/cm was grown at 800° C. Next, at the same 
temperature, a 50-angstrom-thick barrier layer consisting of 
Inoo, Gaogo.N doped with Si to 8x10"/cm was grown, only 
by changing the molar ratio of TMI. This operation was 
repeated twice. Finally, the well layer was laminated and a 
multi-quantum-well-structure active layer 16 was grown with 
a total thickness of 175 angstroms. 

Next, the temperature was increased to 1050° C. A 300 
angstrom-thick p-side cap layer 17 consisting of p-type 
AlGao, Ndoped with Mg to 1x10'/cm was grown which 
had a greater band gap energy than the active layer, using 
TMG, TMA and ammonia as a source of AlGaN and Cp2Mg 
(cyclopentadienyl magnesium) as a source of impurity. 

Subsequently, a 0.1 um-thick p-side light guide layer 18 
consisting of p-type GaN doped with Mg to 1x10'/cm was 
grown which had a smaller band gap energy than the p-side 
cap layer 17 at 1050° C. 

Subsequently, a 20-angstrom-thick first layer consisting of 
p-type Alo Gao Ndoped with Mg to 1x10'/cm was grown, 
using TMA, TMG, ammonia and Cp2Mg, at 1050° C. Subse 
quently, TMG was stopped and a 20-angstrom-thick second 
layer consisting of p-type GaN doped with Mg to 1x10'/cm 
was grown. Each of these operations was repeated 100 times 
and a p-side cladding layer 19 of superlattices with a total 
thickness of 0.4 um was formed. 

Finally, a 150-angstrom-thick p-side contact layer 20 con 
sisting of p-GaN doped with Mg to 2x10'/cm was grown on 
the p-side cladding layer 19 at 1050° C. 

After the reaction was completed, the temperature was 
decreased to room temperature. Additionally, the annealing 
was performed to the wafer at 700° C. in nitrogen atmosphere 
within the reactor, so as to make the p-type layer less resistive. 
The annealing method disclosed in U.S. Pat. No. 5,306,662 is 
employed in this Example. 

After annealing, the wafer was removed from the reactor. 
As shown in FIG. 2, the top p-side contact layer 20 and the 
p-side cladding layer 19 were etched with RIE apparatus to 
make them a ridge geometry having a stripe width of 4 um. 

Next, a mask was formed on the Surface of the ridge. As 
shown in FIG. 2, the surfaces of the n-side contact layer were 
exposed symmetrically respect to the stripe ridge. 

Next, a p-electrode 21 consisting of Ni and Au was formed 
on the almost whole top surface of the stripe ridge of the 
p-side contact layer 20, whilean-electrode 23 consisting of Ti 
and Al was formed on the almost whole surface of the stripe 
geometry n-side contact layer. 

Next, as shown in FIG. 2, an insulating film 25 was formed 
on the Surface of the nitride semiconductor layer exposed 
between p-electrode 21 and n electrode 23. A p-pad electrode 
22 and an n-pad electrode 24 were formed which are electri 
cally connected to the p-electrode via the insulating film 25. 
The wafer on which the n-electrode and p-electrode were 

formed in the above-mentioned manner was transferred to the 
polishing machine. The Sapphire Substrate on whose side the 
nitride semiconductor was not formed was lapped with a 
diamond abrasive to a substrate thickness of 50 Lum. After 
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lapping, the surface of the substrate was further polished by 1 
um with a finer abrasive, resulting in the mirror facet. 

After polishing the substrate, the polished facet was 
scribed and cleaved into bars perpendicularly respect to the 
stripe-geometry electrode to fabricate a facetofa resonator on 
the cleaving facet. A dielectric multi-layer film consisting 
SiO, and TiO, was formed on the facet of the resonator and 
finally, the bar was cut parallel to the p-electrode, resulting in 
laser chips. Next, the chips were set face-up (in the state that 
the substrate was faced to the heat sink) onto the heat sink and 
each electrode was connected by wire-bonding. The laser 
oscillation was tried at room temperature. The continuous 
emission at an emission wavelength of 405 nm was observed 
at the threshold current density of 2.9 kA/cm and the thresh 
old voltage of 4.4V at room temperature. The lifetime was 50 
hours or longer. 

Comparative Example 1 

With the same procedure as in Example 1, the second 
buffer layer was not grown, the 5 um-thick n-side contact 
layer 12 only consisting of n-type GaN doped with Si to 
1x10'/cm was grown, the 0.4 um-thick n-side cladding 
layer only consisting of n-type Alo GaosN doped with Si to 
1x10'/cm was grown, the 0.4 um-thick p-side cladding 
layer 19 only consisting of p-type Alo GaosNdoped with Mg 
to 1x10'/cm was grown, and the 0.2um-thickp-side contact 
layer 20 only consisting of p-type GaN doped with Mg to 
2x10'/cm was grown, so as to obtain laser devices. The 
basic construction was as shown in FIG. 1. 

TABLE 1 

Substrate O Sapphire 
Buffer layer 1 GaN 200 A 
n-side contact layer 2 Si doped n-type GaN. 5 m 

Si: 1 x 10'/cm 
Crack preventing layer 3 Sidoped n-type Ino.1 GaogN 500 A 

Si: 5 x 108/cm3 
n-side cladding layer 4 Si doped n-type Alo, GaosN 0.5 m 

Si: 5x 108 cm 
n-side optical 5 Si doped n-type GaN. 0.1 um 
waveguide layer Si: 5 x 108/cm3 
Active layer (MQW) 6 Si doped Ino GaosN 25 A 
(total thickness 175 A) Si doped InooGaogsN 50 A 

Si: 8 x 108 cm 
Cap layer 7 Mgdoped p-type Alo. GaogN 300 A 

Mg: 1 x 1020 cm 
p-side optical 8 Mg doped p-type GaN 0.1 um 
waveguide layer Mg: 1 x 1020 cm 
p-side cladding layer 9 Mg doped p-type AloGaosN 0.5 m 

Mg: 1 x 1029 cm 
p-side contact layer 20 Mgdoped p-type GaN 0.2 m 

Mg: 2x 1020 cm 

For the laser devices of Comparative Example 1 con 
structed in this way, the continuous emission was obtained at 
the threshold current density of 7 kA/cm. However, the 
threshold voltage was 8.0V or higher and the emission was 
observed for few minutes. 

Example 2 

With the same procedure as in Example 1, for the n-side 
contact layer 12, a 30-angstrom-thick first layer consisting of 
n-type AloosGaossNdoped with Sito 2x10'/cm was grown 
and Subsequently, a 30-angstrom-thick second layer consist 
ing of undoped GaN was grown and these procedures were 
repeated, resulting in Superlattices having a total thickness of 
1.2 Lum. The other constructions of the laser devices were the 
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same as in Example 1. The threshold current density was 2.7 
kA/cm, the threshold voltage was 4.2V and the lifetime was 
60 hours or longer. 

Example 3 

The laser devices were fabricated which had the same 
constructions as in Example 2, except for the n-side contact 
layer 12 composed of Superlattices whose second layers con 
sisted of GaN doped with Si to 1x10"/cm. The laser devices 
had almost similar properties to those of Example 2. 

Example 4 

The laser devices were fabricated which had the same 
constructions as in Example 1, except that the 4-thick second 
buffer layer 112 consisting of GaN doped with Si to 1x107/ 
cm was grown. The threshold current density was 2.9 
kA/cm, the threshold voltage was 4.5V and the lifetime was 
50 hours or longer. 

Example 5 

With the same procedure as in Example 1, for the n-side 
contact layer 12, a 60-angstrom-thick first layer consisting of 
n-type Alo, GaosN doped with Si to 2x10'/cm was grown 
and Subsequently, a 40-angstrom-thick second layer consist 
ing of GaN doped with Si to 1x10'/cm of Siwas grown and 
these procedures were repeated, resulting in Superlattices 
having a total thickness of 2 um. And the 0.4 um-thick n-side 
cladding layer 14 consisting of only n-type Alo, GaosN 
doped with Si to 1x10'/cm was grown. The other construc 
tions of the laser devices were the same as those in Example 
1. The threshold current density was 3.2 kA/cm, the thresh 
old voltage was 4.8V and the lifetime was 30 hours or longer. 

Example 6 

With the same procedure as in Example 1, the following 
procedures (1) and (2) were changed. 

(1) After the growth of the buffer layer 11, only TMG was 
stopped and the temperature was increased to 1050° C. At 
1050° C., the 60-angstrom-thick first layer consisting of 
n-type AloGaosN doped with Si to 1x10'/cm was grown 
using TMA, TMG, ammonia and silane as material gases and 
Subsequently, silane and TMA were stopped and the 60-ang 
strom-thick second layer consisting of undoped GaN was 
grown. The Superlattices were constructed in a manner of the 
first layer--the second layer+the first layer-- the second 
layer+ . . . . Five-hundreds first layers and five-hundred sec 
ond layers were laminated by turns. The n-side contact layer 
12 of Superlattices having a total thickness of 5 um was 
formed. 

(2) Next, the 500-angstrom thick-crack preventing layer 13 
consisting of Ino, Gaolo N doped with Si to 5x10"/cm was 
grown in the same manner as in Example 1. 
And at 1050° C. the 0.5 um-thick n-side cladding layer 14 

consisting of n-type AloGa'Ndoped with Sito 5x10"/cm 
was grown using TMA, TMG, ammonia and silane. 

The constructions above the n-side cladding layer were the 
same as those of the laser devices in Example 1. The laser 
devices of this example had the basic constructions as 
described in Table 1, except that the n-side contact layer 12 
and p-side cladding layer 19 were composed of Superlattices 
and the p-side contact layer 20 had a thickness of 150 ang 
strom like Example 1. The continuous emission at a wave 
length of 405 nm was observed at the threshold current den 
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sity of 3.2 kA/cm and the threshold voltage of 4.8V. The 
lifetime was 30 hours or longer. 

Further, in the case that the film thickness of the p-side 
contact layer of LDS according to Example 6 is changed 
gradually, the relation between the film thickness of the p-side 
contact layer and the threshold voltage of the LDs is shown in 
FIG. 5. The figure shows the threshold voltages in the case the 
p-side contact layer has a thickness of less than 10 angstrom 
(A), 10 angstrom (B), C (30 angstrom), 150 angstrom (D: this 
example), 500 angstrom (E), 0.2 um (F), 0.5 um (G) and 0.8 
um (H), in order from the left. As shown in this drawing, the 
threshold Voltage tends to increase gradually when the film 
thickness of the p-side contact layer is over 500 angstrom. 
The p-side contact layer 20 preferably has a thickness of 500 
angstrom or less, more preferably 300 angstrom or less. When 
the film thickness is 10 angstrom or less (almost one atom 
layer or two atom layer), the Surface of the p-side cladding 
layer 19 which is under the p-side contact layer is exposed and 
therefore, the contact resistance of the p-electrode is bad, 
resulting in that the threshold voltage tends to increase. How 
ever, since LDS of the present invention had a Superlattice 
layer, the threshold voltage was much lower than that of the 
comparative examples. 

Comparative Example 2 

The laser devices having the construction as described in 
Table 1 were fabricated, except that n-side cladding layer 14 
was formed which was a multi-layer film having a total thick 
ness of 0.6 um, by growing the 180-angstrom-thick first layer 
consisting n-type AloGaosN doped with Si to 1x10'/cm 
and Subsequently, growing the 120-angstrom-thick second 
layer consisting of undoped GaN. That is, the thickness of the 
first layer and second layer was increased and LDS were 
fabricated. The continuous emission was observed at the 
threshold current density of 6.5 kA/cm and the threshold 
voltage was 7.5 V. The emission was observed for few min 
utes. 

Example 7 

The laser devices having the same construction as in 
Example 6 were fabricated, except that the p-side cladding 
layer 19 had a superlattice structure with a total thickness of 
0.5 LM obtained by laminating the 60-angstrom-thick first 
layers consisting of AloGaosN doped with Mg to 1x10'? 
cm and the 40-angstrom-thick second layers consisting of 
p-type GaN doped with Mg to 1x10'/cm. That is, the thick 
ness of the Superlattice layer constructing the p-side cladding 
layer 19 of Example 7 was changed and the other construc 
tions were the same as in Example 7. The threshold voltage 
increased a little, as compared with that in Example 6. The 
lifetime was 20 hours or longer. 

Example 8 

The laser devices having the same construction as in 
Example 7 were fabricated, except that the n-side cladding 
layer 19 had a superlattice structure with a total thickness of 
0.5 g mobtained by laminating the 60-angstrom-thick first 
layers consisting of Al GasNdoped with Si to 1x10'/cm 
and the 40-angstrom-thick second layers consisting of n-type 
GaN doped with Si to 1x10'/cm. That is, the laser devices 
had Superlattices as the n-side cladding layer, in addition to 
the n-side contact layer and p-side cladding layer having a 
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superlattice structure in Example 6. The present laser devices 
had similar properties to those of Example 6. 

Example 9 

With the same procedures as in Example 1, the second 
buffer layer 112 was not grown and the 5 um-thick n-side 
contact layer consisting of n-type GaN doped with Si to 
1x10'/cm was grown directly on the first buffer layer 11. 
The other constructions were the same as those in Example 1. 
That is, the laser devises had the basic constructions as 
described in Table 1, except that the n-side cladding layer 14 
had a superlattice structure with a total thickness of 0.4 um 
obtained by laminating the 20-angstrom-thick first layers 
consisting of n-type Al Gao Ndoped with Sito 1x10'/cm 
and the 20-angstrom-thick second layers consisting of 
undoped GaN. Further, the p-side cladding layer had a super 
lattice structure with a total thickness of 0.4 um obtained by 
laminating the 20-angstrom-thick first layers consisting of 
p-type AloGasN doped with Mg to 1x10'/cm and the 
20-angstrom-thick second layers consisting of p-type GaN 
doped with Mg to 1x10'/cm. Additionally, the p-side con 
tact layer 20 consisted of p-type GaN doped with Mg to 
2x10'/cm and had a thickness of 15 angstrom. The continu 
ous emission at a wavelength of 405 nm was observed at the 
threshold current density of 3.3 kA/cm and the threshold 
voltage was 5.0V. The lifetime was 30 hours or longer. 

Example 10 

The laser devices were fabricated in the same manner as in 
Example 9, except that the second layer which constructed 
the superlattices of the n-side cladding layer 14 consisted of 
GaN doped with Si to 1x10'7/cm. That is, the laser devices 
were fabricated in the same manner as in Example 9, except 
that the layers having a larger band gap energy were doped 
with Si to more amount. The present laser devises had similar 
properties to those of Example 9. 

Example 11 

The laser devices were fabricated in the same manner as in 
Example 9, except that the second layer which constructed 
the n-side cladding layer 14 consisted of n-type Inoo, GaogoN 
doped with Si to 1x10'/cm. That is, the laser devices were 
fabricated in the same manner as in Example 9, except that the 
second layer which composed the Superlattices of the n-side 
cladding layer 14 consisted of InGaN and had the same impu 
rity density as the first layer. The present laser devises had 
similar properties to those of Example 9. 

Example 12 

With the same procedures as in Example 9, the n-side 
cladding layer had a Superlattice structure with a total thick 
ness of 0.5L composed of the 60-angstrom-thick first layers 
consisting Alo GaosN doped with Si to 1x10'/cm and the 
40-angstrom-thick second layers consisting of GaN doped 
with Si to 1x10'/cm. Further, the p-side cladding layer 19 
had a superlattice structure with a total thickness of 0.5 L 
composed of the 60-angstrom-thick first layers consisting 
AloGaosN doped with Mg to 1x10'/cm and the 40-ang 
strom-thick second layers consisting of GaN doped with Mg 
to 1x10'/cm. That is, the laser devices were fabricated in the 
same manner as in Example 9, except that the doped amounts 
in the first layers and the second layers composing the n-side 
cladding layer 14 were equal to each other, the thickness of 
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them was changed, and the thickness of the first layers and the 
second layers composing the p-side cladding layer 19 was 
changed. The continuous emissionata wavelength of 405 nm 
was observed at the threshold current density of 3.4 kA/cm 
and the threshold voltage was 5.2V. The lifetime was 20 hours 
or longer. 

Example 13 

The laser devices having the same constructions as those in 
Example 11 were fabricated, except that the second layer 
composing the n-side cladding layer 14 consisted of GaN 
doped with Si to 1x10'7/cm. The present laser devices had 
the similar properties to those in Example 11. 

Example 14 

The laser devices having the same constructions as those in 
Example 11 were fabricated, except that the second layer 
composing the n-side cladding layer 14 consisted of undoped 
GaN. The present laser devices had the similar properties to 
those in Example 11. 

Example 15 

The laser devices were fabricated in the same manner as in 
Example 9, except that the 0.4 um-thick n-side cladding layer 
14 consisting of only n-type Alo, GaosN doped with Si to 
1x10'/cm was grown. That is, the present laser devices had 
the basic constructions as described in table 1, except that the 
p-side cladding layer 19 had a superlattice structure with a 
total thickness of 0.4 um composed of the 20-angstrom-thick 
first layers consisting of p-type A10.2Ga0.8N doped with Mg 
to 1x10'/cm and the 20-angstrom-thick second layers con 
sisting of p-type GaN doped with Mg to 1x10'/cm and 
further, the p-side contact layer 20 had a thickness of 150 
angstroms and consisted of p-type GaN doped with Mg to 
2x10'/cm like Example 1. The continuous emission at a 
wavelength of 405 nm was observed at the threshold current 
density of 3.4 kA/cm. The threshold voltage was 5.1 V and 
the lifetime was 20 hours or longer. 

Example 16 

The laser devices were fabricated in the same manner as in 
Example 15, except that the p-side cladding layer 19 had a 
superlattice structure with a total thickness of 0.5um obtained 
by laminating the 60-angstrom-thick first layers 
(AloGaosN) and the 40-angstrom-thick second layers 
(GaN). The threshold voltage tended to rise a little. The life 
time was 20 hours or longer. 

Example 17 

The laser devices were fabricated in the same manner as in 
Example 9, except that the 0.4 um-thickp-side cladding layer 
19 consisting of only p-type Alo GaosN doped with Mg to 
1x10'/cm was grown. That is, the present laser devices had 
the basic constructions as described in table 1, except that the 
n-side cladding layer 14 had a Superlattice structure with a 
total thickness of 0.4 um composed of the 20-angstrom-thick 
first layers consisting of p-type Alo GaosN doped with Si to 
1x10'/cm and the 20-angstrom-thick second layers consist 
ing of undoped GaN and further, the p-side contact layer 20 
had a thickness of 150 angstrom and consisted of p-type GaN 
doped with Mg to 2x10'/cm like Example 1. The continu 
ous emission at a wavelength of 405 nm was observed at the 
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threshold current density of 3.5 kA/cm. The threshold volt 
age was 5.4V and the lifetime was 20 hours or longer. 

Example 18 

The laser devices were fabricated in the same manner as in 
Example 17, except that the n-side cladding layer 14 had a 
superlattice structure with a total thickness of 0.49 um 
obtained by laminating the 70-angstrom-thick first layers 
consisting of Alo. GaN and the 40-angstrom-thick second 
layers consisting of Inoo, GaogoN doped with Si to 1x10'/ 
cm. The threshold voltage tended to rise a little, compared 
with that in Example 16. The lifetime was 10 hours or longer. 

Example 19 15 

The laser devices were fabricated in the same manner as in 
Example 17, except that the n-side cladding layer 14 had a 
superlattice structure with a total thickness of 0.5um obtained 
by laminating the 60-angstrom-thick first layers consisting of 
AloGaosN and the 40-angstrom-thick second layers con 
sisting of undoped GaN. The threshold voltage tended to rise 
a little, compared with that in Example 17. The lifetime was 
10 hours or longer. 

25 

Example 20 

With the same procedures as in Example 9, the n-side light 
waveguide layer 15 had a superlattice structure with a total 
thickness of 800 angstrom obtained by laminating the 
20-angstrom-thick first layers consisting of undoped GaN 
and the 20-angstrom-thick second layers consisting of 
undoped Ino. GaN. In addition, the p-side light waveguide 
layer 18 also had a superlattice structure with a total thickness 
of 800 angstrom obtained by laminating the 20-angstrom 
thick first layers consisting of undoped GaN and the 20-ang 
strom-thick second layers consisting of undoped Ino, Gao N. 
That is, the present laser devices had the basic constructions 
as described in table 1, except that the n-side cladding layer 
14, the n-side light waveguide layer 15, the p-side light 
waveguide layer 18 and the p-side cladding layer 19 had a 
Superlattice structure respectively and further, the p-side con 
tact layer 20 had a thickness of 150 angstrom and consisted of 
p-type GaN doped with Mg to 2x10'/cm like Example 1. 
The continuous emission at a wavelength of 405 nm was 45 
observed at the threshold current density of 2.9 kA/cm. The 
threshold voltage was 4.4V and the lifetime was 60 hours or 
longer. 
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Example 21 50 

The present example will be described on the basis of LED 
devices as shown in FIG. 1. With the same procedures as in 
Example 1, a 200-angstrom-thick buffer layer 2 consisting of 
GaN was grown on a Sapphire Substrate 1, and Subsequently, 55 
a 5 um-thick contact layer consisting of n-type GaN doped 
with Sito 1x10'/cm was grown. Next, a 30-angstrom-thick 
active layer 4 having a single quantum well structure and 
consisting of Ino.4Ga0.6N was grown. 
(p-Side Superlattice Layer) 

Next, with the same procedures as in Example 1, a 20-ang 
strom-thick first layer consisting of p-type Alo GaosNdoped 
with Mg to 1x10'/cm was grown, and subsequently, a 
20-angstrom-thick second layer consisting of p-type GaN 
doped with Mg to 1x10'/cm. And then, a p-side cladding 
layer 5 having a superlattice structure with a total thickness of 
0.4 um was grown. The thickness of the p-side cladding layer 
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4 is not limited to a particular value and preferably within the 
range of 100 angstrom to 2 um, more preferably 500 angstrom 
to 1 Jum. 

Next, a 0.5um-thick p-type GaN layer doped with Mg to 
1x10'/cm was grown on the p-side cladding layer 5. After 
the growth, the wafer was removed out of the reactor and the 
annealing was performed in the same manner as in Example 
1. Then, the etching was performed from the side of the p-side 
contact layer 6 to expose the Surface of the n-side contact 
layer 3 on which a n-electrode 9 was to be formed. A 200 
angstrom-thickp-electrode consisting of Ni-Au was formed 
on the almost whole surface of the top p-side contact layer 6. 
A p-pad electrode consisting of Au was formed on the whole 
surface electrode 7. A n-side electrode 9 consisting of Ti Al 
was formed on the exposed Surface of the n-contact layer. 
The wafer on which the electrodes were formed in the 

above-mentioned way were cut into chips which were 350 by 
350 Lim square to obtain LED devices. The green-emission at 
a wavelength of 520 nm was observed at If of 20 mA and Vf 
was 3.2V. On the contrary, LED devices having a p-side 
cladding layer 5 consisting of only Mg-doped Alo, GaosN 
showed Vf of 3.4V. Moreover. The withstand static voltage of 
the present example was two times better. 

Example 22 

The LEDs were fabricated in the same manner as in 
Example 21, except that the p-side cladding layer 5 had super 
lattices with a total thickness of 0.25 um obtained by lami 
nating twenty-five 50-angstrom-thick first layers and twenty 
five 50-angstrom-thick second layers consisting GaN doped 
with Mg to 1x10'/cm. The LEDs had similar properties to 
those in Example 21. 

Example 23 

The LEDs were fabricated in the same manner as in 
Example 21, except that the p-side cladding layer 5 had super 
lattices with a total thickness of 0.25 um obtained by lami 
nating 100-angstrom-thick first layers and 70-angstrom-thick 
second. Vf was 3.4V, but The withstand static voltage was 
superior to that of the conventional devices by 20%. 

Example 24 

With the same procedures as in Example 21, for growing 
the n-side contact layer 3, the 60-angstrom-thick first layer 
consisting of n-type AloGosN doped with Si to 2x10'/cm 
was grown and the 40-angstrom-thick second layer consist 
ing of undoped GaN was grown, and five-hundred first layers 
and five-hundred second layers were laminated by turns to 
obtain superlattices with a total thickness of 5um. The LEDs 
were fabricated in which other constructions were the same as 
those in Example 12.Vf decreased to 3.1 V at If of 20 mA. The 
withstand static voltage was 2.5 times better than that of the 
conventional LEDs. 

Example 25 

The LEDs were fabricated in the same manner as in 
Example 23, except that the p-side cladding layer 5 was 
composed of superlattices with a total thickness of 0.3 um 
obtained by laminating twenty-five 60-angstrom-thick first 
layers (AloGaosN) and twenty-five 40-angstrom-thick sec 
ond layers, by turns. Vf was 3.2V and The withstand static 
voltage was two times better than that of the conventional 
LEDS. 
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Example 26 

First, a 300 um-thick GaN layer doped with Si to 5x10"/ 
cm was grown on a sapphire substrate using MOVPE 
methodor HVPE method, and then the sapphire substrate was 
removed to fabricate a Si-doped GaN substrate 101 having a 
thickness of 300 um. The GaN substrate 101 was obtained by 
growing a nitride semiconductor layer to a thickness of 100 
um or more on a Substrate which is not a nitride semiconduc 
tor and by removing the substrate. The GaN substrate may be 
made of undoped GaN or n-type impurity-doped GaN. In the 
case of doping a n-type impurity, the impurity was usually 
doped within the range of 1x10'7/cm to 1x10'/cm to 
obtain a GaN substrate having a few defect. 

After the fabrication of the GaN substrate 101, the tem 
perature was adjusted to 1050° C. and a 3 um-thick third 
buffer layer 113 consisting of n-type GaN doped with Si to 
3x10"/cm was grown. The third buffer layer corresponds to 
the n-side contact layer 14 as shown in FIGS. 1 and 2. How 
ever, an electrode is not on the buffer layer and thus, the third 
buffer layer 3 is not referred to a contact layer. The first layer 
may be grown at a low temperature in the same manner as in 
Example 1 between the GaN substrate 101 and the third 
buffer layer 113 and if the first layer is grown, the thickness 
may be preferably 300 angstrom or less. 
The 500-angstrom-thick crack-preventing layer 13 con 

sisting of Inc. GaN doped with Si to 5x10"/cm of Siwas 
grown on the third buffer layer 113 in the same manner as in 
example 1. 

Next, a n-side cladding layer was grown which was com 
posed of superlattices with a total thickness of 0.4 um 
obtained by laminating 20-angstrom-thick first layers con 
sisting of n-type AloGaosN doped with Si to 5x10"/cm 
and 20-angstrom-thick second layers consisting of GaN 
doped with Si to 5x10"/cm by turns 100 times. 

Next, a 0.1 um-thick n-side light waveguide layer 15 con 
sisting of n-type GaNdoped with Sito 5x10"/cm was grown 
in the same manner as in Example 1. 

Next, a 25-angstrom-thick well layer consisting of 
undoped Ino GaosN was grown and a 50-angstrom-thick 
barrier layer consisting of undoped GaN was grown. They 
were grown by turns, respectively two times. And finally, a 
well layer was grown on the top, with the result that an active 
layer 16 having a multi-quantum-well-structure (MQW) with 
a total thickness of 175 angstroms was grown. 

Next, in the same manner as in Example 1, a p-side cap 
layer 17 consisting of p-type Alo Gao N doped with Mg to 
1x10'/cm was grown to a thickness of 300 angstroms and a 
p-side light waveguide layer 18 consisting of p-type GaN 
doped with Mg to 1x10"/cm was grown to a thickness of 0.1 
lm. 
Next, in the same manner as in Example 1, a p-side clad 

ding layer 19 was formed which was composed of superlat 
tices with a total thickness of 0.4 um obtained by laminating 
20-angstrom-thick first layers consisting of p-type 
AloGaosN doped with Mg to 1x10'/cm of Mg and 
20-angstrom-thick second layers consisting of p-type GaN 
doped with Mg to 1x10'/cm. And finally, a 150-angstrom 
thick p-side contact layer 20 consisting of p-type GaN doped 
with Mg to 2x10'/cm was grown on the p-side cladding 
layer 19. 

After the reaction was completed, the annealing at 700° C. 
was performed. Then, in the same manner as in Example 1, 
the top p-side contact layer 20 and p-side cladding layer were 
etched into a ridge-geometry with a stripe width of 4 um with 
the RIE apparatus. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

50 
Next, in the same manner as in Example 1, ap-electrode 21 

consisting Ni and Au was formed on the almost whole Surface 
of the stripe ridge of the p-side contact layer 20 and a n-elec 
trode 23 consisting of Ti and Al was formed on the almost 
back surface of the GaN substrate 101. 

Next, as shown in FIG. 6, an insulating layer 25 was formed 
on the p-side cladding layer 19 except for the p-electrode 21 
and a p-pad electrode was formed which connected to the 
p-electrode 21 electrically via the insulating layer 25. 

After formation of the electrode, the GaN substrate 101 
was cleaved into bars perpendicularly respect to the p-elec 
trode 21 to fabricate facets of a resonator on the cleaved facet. 
The cleaved facet of the GaN substrate was M plane. A 
dielectric multi-layer film consisting SiO, and TiO, was 
formed on the cleaved facet and finally, the bar was cut 
parallel to the p-electrode, resulting in laser chips as shown in 
FIG. 6. Next, the chips were set face-up (in the state that the 
substrate was faced to the heat sink) onto the heat sink and the 
p-pad electrode 22 was connected by wire-bonding. The laser 
was tried at room temperature. The continuous emission at a 
wavelength of 405 nm was observed at the threshold current 
density of 2.5 kA/cm and the threshold voltage of 4.0V at 
room temperature. The lifetime was 500 hours or longer. This 
results from usage of GaN substrate to reduce the number of 
threading dislocations. 
The examples of the present invention will be described, 

optionally in connection with the following drawings. FIG. 4 
is a perspective view showing the shape of the laser devices as 
shown in FIG. 3. 

Example 27 

A GaN substrate 100 was prepared by growing a single 
crystal consisting of GaN to a thickness of 50 um on a buffer 
layer consisting of GaN on a C-plane Sapphire Substrate. The 
GaN substrate 100 was set within the reactor and the tem 
perature was increased to 1050° C. And using hydrogen as a 
carrier gas, ammonia and TMG (trimethylgallium) as a 
Source of GaN and silane gas as a source of impurity, a 4 
um-thick n-side buffer layer 11 consisting of GaN doped with 
Si to 1x10"/cm was grown on the GaN substrate 100. The 
buffer layer also acts as a contact layer for forming the n-elec 
trode when light emitting devices having a structure as shown 
in FIG.3 are fabricated. Further, the n-side buffer layer is that 
is grown at a high temperature and is distinguished from a 
buffer layer having a thickness of 0.5 um or less which is 
grown at a low temperature of 900° C. or less directly on the 
Substrate made of the material. Such as Sapphire, SiC and 
spinel, which is different from nitride semiconductors. 
(n-Side Cladding Layer 14–Superlattice Layer) 

Subsequently, at 1050° C., a 40-angstrom-thick first layer 
consisting of n-type Alo Gao Ndoped with Sito 1x10'/cm 
was grown using TMA (trimethylammonium), TMG, ammo 
nia and silane gas. And then, silane gas and TMA were 
stopped and a 40-angstrom-thick second layer consisting of 
undoped GaN was grown. A Superlattice layer was con 
structed in a manner of the first layer+the second layer--the 
first layer--the second layer+.... One-hundred first layers and 
one-hundred second layers were laminated by turns. Thus, 
the n-side cladding layer 14 composed of Superlattices having 
a total thickness of 0.8 um was grown. 
(n-Side LightWaveguide Layer 15) 

Subsequently, silane gas was stopped and at 1050°C., a 0.1 
um-thick n-side light waveguide layer 15 consisting of 
undoped GaN was grown. The n-side light waveguide layer 
acts as a light waveguide layer of an active layer and prefer 
ably, consists of GaN or InGaN and has a thickness of 100 
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angstroms to 5 um more preferably of 200 angstroms to 1 Lum. 
This n-side light waveguide layer may be composed of 
undoped Superlattices. In the case of the Superlattice layer, the 
band gap energy is larger than that of the active layer and 
Smaller than that of the n-cladding layer consisting of 
Alo2GaosN. 
(Active Layer 16) 

Next, an active layer 16 was grown using TMG, TMI and 
ammonia as a source of InCiaN. For the active layer 16, the 
temperature was maintained at 800° C. and a 25-angstrom 
thick well layer consisting of undoped Ino, GaosN was 
grown. Next, at the same temperature, the molar ratio of TMI 
was changed and a 50-angstrom-thick barrier layer consisting 
of Inoo, GaosN was grown. These operations were repeated 
two times. And finally, an well layer was laminated, with the 
result that an active layer having a multi-quantum-well 
(MQW) structure with a total thickness of 175 angstroms was 
grown. The active layer may be undoped like in the present 
example, or doped with donor impurities and/or p-type impu 
rities. Both of the well layer and the barrier layer may be 
doped with impurities or either of them may be doped. 
(p-Side Cap Layer 17) 

Next, the temperature was increased to 1050° C. and a 
300-angstrom-thick p-side cap layer consisting of p-type 
AloGao,N doped with Mg to 1x10'/cm and having a 
larger band gap energy than the p-side light waveguide layer 
was grown using TMG, TMA, ammonia and Cp2Mg (cyclo 
pentadienyl magnesium). Thep-side cap layer has a thickness 
of 0.1 um or less and the lower limit is not specified, but the 
thickness is preferably 10 angstroms or more. 
(p-Side LightWaveguide Layer 18) 

Subsequently, Cp2Mg, and TMA were stopped and at 
1050° C., a 0.1 um-thick p-side light waveguide layer 18 
consisting of undoped GaN and having a smaller band gap 
energy than the p-side cap layer was grown. The layer acts as 
a light waveguide layer of the active layer and preferably 
consists of GaN or InGaN., like the n-side light waveguide 
layer 15. And the p-side light waveguide layer may be a 
Superlattice layer consisting of a undoped nitride semicon 
ductor or a nitride semiconductor doped with an impurity. In 
the case of the Superlattice layer, the bandgap energy is larger 
than that of the well layer of the active layer and is smaller 
than that of the p-side cladding layer consisting of 
Alo2GaosN. 
(p-Side Cladding Layer) 

Subsequently, at 1050°C., a 40-angstrom-thick third layer 
consisting of p-type Alo GaosN doped with Mg to 1x10"/ 
cm was grown. Then, only TMA was stopped and a 40-ang 
strom-thick fourth layer consisting of undoped GaN was 
grown. These operations were repeated, respectively 100 
times to grow a p-side cladding layer 19 composed of Super 
lattices with a total thickness of 0.8 um. 
(p-Side Contact Layer 20) 

Finally, at 1050° C., a 150-angstrom-thick p-side contact 
layer 20 consisting of p-type GaN doped with Mg to 2x10'/ 
cm was grown on the p-side cladding layer 19. The p-side 
contact layer 20 may consist of p-type In, AlGaN (0sX, 
0s Y. X+Ys 1), preferably GaN doped with Mg to 2x10'/ 
cm to obtain the most preferable ohmic contact to the p-elec 
trode 21. The p-side contact layer 20 was close to the p-side 
cladding layer 19 having a Superlattice structure including 
p-type Al GaN and consists of a nitride semiconductor 
having a small bandgap energy and the thickness of the p-side 
contact layer 20 was as thin as 500 angstroms or less. There 
fore, the carrier density of the p-side contact layer 20 was high 
and a good ohmic contact between the p-side contact layer 
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and the p-electrode was achieved, with the result that the 
threshold current and voltage of the devices decreased. 
The wafer on which the nitride semiconductors were 

grown in the above-mentioned manner was annealed at 700° 
C. within the nitrogen atmosphere in the reactor to make the 
layers doped with p-type impurities less resistive. The anneal 
ing method disclosed by U.S. Pat. No. 5,306,662 is employed 
in this Example. 

After annealing, the wafer was removed out of the reactor 
and as shown in FIG. 3, the top p-side contact layer 20 and 
p-side cladding layer 19 were etched with RIE apparatus into 
a ridge geometry with a stripe width of 4 um. Thus, since the 
layers above the active layer were made to have a stripe ridge 
geometry, the emission from the active layer was focused 
under the stripe ridge and the threshold value decreased. 
Particularly, the layers above the p-side cladding layer 19 
composed of Superlattice layers are preferably made to have 
a ridge geometry. 

Next, a mask was formed on the surface of the ridge and the 
etching was performed with a RIE apparatus until the n-side 
buffer layer was exposed. The exposed n-side buffer layer 11 
also acts as a contact layer for forming a n-electrode 23. In 
FIG. 3, the n-side buffer layer 11 is shown as a contact layer. 
However, the etching can be performed until the GaN sub 
strate 100 is exposed and the exposed GaN substrate 100 can 
be a contact layer. 

Next, a stripe p-electrode 21 consisting of Ni and Au was 
formed on the top surface of the ridge of the p-side contact 
layer 20. The materials for the p-electrode 21 to obtain pref 
erable ohmic contact to the p-side contact layer may include 
Ni, Pt, Pd, Ni/Au, Pt/Au, Pd/Au and so on. 
On the other hand, a stripen-electrode 23 consisting of Ti 

and Au was formed on the exposed surface of n-side buffer 
layer 11. The materials for the n-electrode 23 to obtain pref 
erable ohmic contact to the GaN substrate 100 may include 
metals such as Al, Ti, W. Cu, Zn, Sn, In and the like or alloys 
thereof. 

Next, as shown in FIG.3, an insulating layer 25 was formed 
on the surface of the exposed nitride semiconductors between 
the p-electrode and n-electrode 23. And a p-pad electrode 22 
and n-pad electrode were formed which were connected to 
the p-electrode 21 electrically via the insulating layer 25. The 
p-pad electrode 22 enlarges the Substantial Surface area of the 
p-electrode 21 to enable the wire-bonding or die-bonding of 
the p-electrode. On the other hand, the n-pad electrode 24 
prevents the n-electrode 23 from coming off. 
The wafer on which the n-electrode and p-electrode were 

formed in the above-mentioned manner was is transferred to 
the polishing machine. The Sapphire Substrate on whose side 
the nitride semiconductor was not formed was lapped with an 
diamond abrasive to a substrate thickness of 70 Lum. After 
lapping, the surface of the substrate was further polished by 1 
um with a finer abrasive, resulting in the mirror facet and the 
whole surface was metallized with Au?Sn. 

Then, the Au?Sn side was scribed and cleaved into bars 
perpendicularly respect to the strip electrode to fabricate a 
resonator on the cleaved facet. A dielectric multi-layer film 
consisting SiO, and TiO, was formed on the plane of the 
resonator and finally, the bar was cut parallel to the p-elec 
trode, resulting in laser chips. Next, the chips were set face-up 
(in the state that the substrate was faced to the heat sink) onto 
the heat sink and each electrode was connected by wire 
bonding. The laser was tried at room temperature. The con 
tinuous emission at a wavelength of 405 nm was observed at 
the threshold current density of 20 kA/cm and the threshold 
voltage of 4.0V at room temperature. The lifetime was 100 
hours or longer. 
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Example 28 

FIG. 7 is a sectional view showing the structure of the laser 
devices according to another example of the present inven 
tion. In this drawing, the devices which are cut in the perpen 
dicular direction to the propagating direction of the emission 
are shown, like in FIG. 3. Example 28 will be described with 
reference to FIG. 7. In FIG. 7, identical reference numerals 
have been used to designate identical elements that are com 
mon to FIG.3 and FIG. 4. 
A 150-angstrom-thick single crystal consisting of GaN 

doped with Si to 5x10'/cm was grown via the buffer layer 
consisting of GaN on the C-plane Sapphire Substrate, so as to 
obtain a GaN substrate 100. A n-side buffer layer 11 was 
grown on the GaN Substrate in the same manner as in 
Example 27. 
(Crack Preventing Layer 13) 

After the growth of the n-side buffer layer 11, the tempera 
ture was adjusted to 800° C. and a 500-angstrom-thick crack 
preventing layer consisting of Ino, Gao N doped with Si to 
5x10'/cm was grown using TMG, TMI and ammonia as a 
Source of InGaN and silane gas as a source of Si. The crack 
preventing layer 13 can be obtained by growing a nitride 
semiconductor containing In, preferably InGaN, and can pre 
vent cracks in the nitride semiconductor layers containing Al. 
The crack preventing layer may preferably have a thickness 
ranging 100 angstroms and 0.5 um. If the crack preventing 
layer has a thickness less than 100 angstroms, the layer is hard 
to prevent cracks. If the layer has a thickness more than 0.5 
um, the crystal itself tends to change into black. 

After the growth of the crack preventing layer 13, a n-side 
cladding layer 14 composed of modulation-doped superlat 
tices 14 and an undoped n-side light waveguide layer 15 were 
grown in the same manner as in Example 27. 
(n-Side Cap Layer 20) 

Subsequently, a 300-angstrom-thick n-side cap layer 20 
consisting of n-type AloGao, Ndoped with Sito 5x10"/cm 
and having a larger band gap energy than the n side light 
waveguide layer 15 was grown using TMG, TMA, ammonia 
and silane gas. 

After this, with the same procedures as those in Example 
27, a p-side cap layer 17, an undoped p-side light waveguide 
layer 18, a p-side cladding layer 19 composed modulation 
doped Superlattices and a p-side contact layer 20 were grown. 

After the growth of nitride semiconductor layers, anneal 
ing was performed in the same manner to make the p-type 
impurities doped layers less resistive. After annealing, as 
shown in FIG. 7, the top p-side contact layer 20 and p-side 
cladding layer were etched into a ridge geometry with a stripe 
width of 4 um. 

After forming a ridge, a stripe p-electrode 21 consisting of 
Ni/Au was formed on the top surface of the ridge of the p-side 
contact layer 20. An insulating layer 25 consisting of SiO, 
was formed on the surface of the top nitride semiconductor 
layer except for the p-electrode 21. A p-pad electrode 22 was 
formed which was connected electrically to the p-electrode 
21 via the insulating layer 25. 
The wafer on which the p-electrode was formed in the 

above-mentioned manner was transferred to the polishing 
machine. The Sapphire Substrate was removed by polishing to 
expose the surface of the GaN substrate 100. An n-electrode 
23 consisting of Ti/Al was formed on the almost whole sur 
face of the exposed GaN substrate. 

After forming the electrodes, the GaN substrate was 
cleaved with respect to M-plane (which corresponds to a side 
plane of a hexagonal column in the case that the nitride 
semiconductor is represented according to a hexagonal sys 
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tem). The dielectric multilayers consisting of SiO, and TiO, 
were formed on the cleaved facet. The bar was cut parallel to 
the p-electrode into the laser chips. For these chips, a con 
tinuous emission at room temperature was observed. These 
devices had similar properties to those according to Example 
27. 

Example 29 

With the same procedures as in Example 27, after growing 
the n-side buffer layer 11, a crack-preventing layer 13 was 
grown in the same manner as in Example 28. Next, a 0.4-um 
thick n-side cladding layer 14 composed of a single layer 
consisting of AloGao,N doped with Si to 1x10'/cm was 
grown on the crack preventing layer. The other constructions 
were the same as those in Example 27. For the fabricated laser 
devices, the laser was observed at room temperature and the 
lifetime was a little shorter than that of the laser devices in 
Example 27. 

Example 30 

The laser devices were fabricated in the same manner as in 
Example 27 except that the p-side cladding layer 19 was 
formed by growing a 0.4-um-thick single layer consisting of 
AloGao,N doped with Mg to 1x10"/cm. The laser was 
observed at room temperature and the lifetime was a little 
shorter than that of the laser devices in Example 27. 

Example 31 

With the same procedures as in Example 27, instead of the 
n-side cladding layer 14 having a Superlattice structure, a 
0.4-um-thick n-side cladding layer 14 consisting of 
AlGasN doped with Si to 1x10"/cm was grown. And 
instead of the p-side cladding layer having a Superlattice 
structure, a 0.4-um-thick p-side cladding layer consisting of 
AlGasN doped with Mg to 1x10'/cm was grown. The 
n-side light waveguide layer 15 was composed of Superlat 
tices with a total thickness of 0.12 um obtained by laminating 
30-angstrom-thick layers consisting of GaN doped with Si to 
1x10''/cm and 30-angstrom-thick layers consisting of 
undoped Inoo, Gaolo N. The p-side light waveguide layer 18 
was composed of superlattices with a total thickness of 0.12 
um obtained by laminating 30-angstrom-thicklayers consist 
ing of undoped Inoo, GaogoN and 30-angstrom-thick layers 
consisting of GaN doped with Mg to 1x10'7/cm of Mg. The 
other constructions of the fabricated laser devices were the 
same as those in Example 27. The laser was observed at room 
temperature and the lifetime was a little shorter than that of 
the laser devices in Example 27. 

Example 32 

With the same procedures as in Example 27, the n-side 
buffer layer 11 was composed of superlattices with a total 
thickness of 1.2 Lum obtained by laminating 30-angstrom 
thick undoped GaN layers and 30-angstrom-thick layers con 
sisting of Alco-Gaoss N doped with Si to 1x10'/cm. The 
layers above the n-side cladding layer were grown in the same 
manner as in Example 27 and the laser devices were fabri 
cated. When the n-electrode was formed, the surface exposed 
by etching was positioned somewhere of the Superlattices 
with a total thickness 1.2 um and the n-electrode was formed 
on the exposed Superlattice layer. A continuous emission was 
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observed and the threshold value was a little lower than that of 
the laser devices in Example 27. The lifetime was 1000 hours 
or longer. 

Example 33 

FIG. 8 is a sectional view showing the structure of the laser 
devices according to another example of the present inven 
tion. In this drawing, identical reference numerals have been 
used to designate identical layers that are common to other 
drawings. Example 33 will be described with reference to 
FIG 8. 

With the same procedures as in Example 27, a 200-ang 
strom-thick GaN buffer layer (not shown) was grown on a 
(0001) C-plane sapphire substrate 30 with 2-inch d, at 500° 
C. and then, a 5um-thick undoped GaN layer 31 was grown 
at 1050° C. The thickness is not limited to 5 um and may be 
preferably over the thickness of the buffer layer and 10um or 
less. The material of the substrate may include sapphire, SiC. 
ZnO, spinel, or other materials which are different from 
nitride semiconductors and are known for growing nitride 
semiconductors such as GaAs. 

Next, after growing the undoped GaN layer 31, the wafer 
was removed out of the reactor. A striped photomask was 
formed on the surface of the GaN layer 31 and with a CVD 
apparatus, 0.1-um-thick SiO protective film 32 was pat 
terned to form 20-um-wide stripe windows with a periodicity 
of 5um. FIG. 8 is a sectional view showing the partial struc 
ture of the wafer when cut perpendicularly to the longitudinal 
direction of the stripes. The examples of the mask pattern may 
include stripes, dots or checks and the exposed parts of the 
undoped GaN layer 31, that is, the parts on which the mask 
was not formed (windows) may preferably have a smaller 
area than the mask, so as to grow a GaN substrate 100 with 
less crystal defects. The materials of the mask may include 
oxides such as silicon oxide (SiO.), silicon nitride (Si,Ni), 
titanium oxide (TiO) and zirconium oxide (ZrO), nitrides, 
or multi-layer film thereof, as well as metals having a melting 
point higher than 1200°C. These materials can stand at high 
temperatures ranging between 600° C. and 1100° C. at which 
nitride semiconductors can be grown and nitride semiconduc 
tors do not grow or are difficult to grow on the surface of the 
materials. 

After forming the protective film 32, the wafer was set in 
the reactor again and a 10-um-thick undoped GaN layer to be 
a GaN substrate 100 was grown at 1050° C. The preferable 
thickness of the GaN layer depends on the thickness and the 
size of the protective film 32 and the GaN had a thickness 
enough to grow laterally (perpendicularly to the thickness 
direction) above the mask, so as to cover the surface of the 
protective film 32. In the case that the GaN substrate 100 was 
grown in a manner that a GaN layer was laterally grown on the 
surface of the protective film 32 on which nitride semicon 
ductor were difficult to grow, initially, the GaN layer did not 
grow on the protective film 32 and grew selectively on the 
undoped GaN layer 31 in the window regions. In the case that 
the GaN layer was continued to grow, the GaN layer grew 
laterally and covered the protective film 32 and the GaN 
layers grown from the neighboring windows linked with each 
other, resulting in that the GaN layer was grown on the pro 
tective film 32. That is, the GaN layer was laterally grown on 
the GaN layer 31 via the protective film 32. Crystal defects in 
the GaN layer 31 grown on the sapphire substrate 30 and the 
number of crystal defects in the GaN substrates 100 grown on 
the protective film 32 were important. That is, extremely large 
number of crystal defects were caused in the nitride semicon 
ductor layers grown on an auxiliary Substrate due to the lattice 
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mismatch between the auxiliary substrate and the nitride 
semiconductors and the crystal defects threaded through the 
nitride semiconductors grown sequentially upward to the Sur 
face. On the other hand, in Example 33, The GaN substrate 
100 grown laterally on the protective film 32 was not directly 
on an auxiliary Substrate and was obtained in a manner that 
the GaN layer grown from the neighboring windows linked to 
each other during growing laterally on the protective film 32. 
Therefore, the number of crystal defects decreased extremely, 
compared with that in the semiconductor layers grown on an 
auxiliary Substrate. Thus, a mask was partially formed on the 
nitride semiconductor layer grown on an auxiliary Substrate 
and a GaN layer was grown laterally on the mask, resulting in 
a GaN substrate having much less crystal defects than the 
GaN substrate according to Example 27. Actually, the num 
ber of the crystal defects in the undoped GaN layer was 
10'/cm or more, while the number of crystal defects in the 
GaN substrate according to Example 33 was 10/cm or less. 

After forming a GaN substrate 100 in the above-mentioned 
manner, a 5-um-thick n-side buffer layer, besides acting as a 
contact layer 11, consisting of GaN doped with Si to 1x10"/ 
cm was grown on the GaN Substrate in the same manner as in 
Example 27. And then, a 500-angstrom-thick crack prevent 
ing layer 13 consisting of Ino, Gao N doped with Si to 
5x10'/cm was grown. The crack preventing layer 13 can be 
omitted. 
(n-Side Cladding Layer 14 Composed of Superlattices Hav 
ing a Highly Doped Center Part) 

Next, a 20-angstrom-thick undoped GaN layer was grown 
using TMG and ammonia gas at 1050° C. to form a second 
nitride the same temperature, adding TMA, a 5-angstrom 
thick undoped Alo, Gao N layer was grown and subse 
quently, adding silane gas, a 20-angstrom-thick Alo, GaoloN 
layer doped with Si to 1x10'/cm was grown, then, stopping 
Si, a 5-angstrom-thick undoped Alo, Gao N layer being 
grown to form a 30-um-thick first nitride semiconductor layer 
having a large band gap energy. Thereafter, in the same man 
ner, the second nitride semiconductor layers and the first 
nitride semiconductor layers were formed by turns repeat 
edly. In Example 33, one-hundred-twenty second layers and 
one-hundred-twenty first layers were laminated by turns to 
form a n-side cladding layer 14 of Superlattices with a thick 
ness of 6 um. 

Next, a n-side light waveguide layer 15, an active layer 16, 
a p-side cap layer 17, and a p-side light waveguide layer were 
grown sequentially in the same manner as in Example 27. 
(p-Side Cladding Layer 19 Composed of Superlattices Hav 
ing a Highly Doped Center Part) 

Next, a 20-angstrom-thick undoped GaN layer was grown 
using TMG and ammonia gas at 1050° C. to form a fourth 
nitride semiconductor layer having a small band gap energy. 
Next, at the same temperature, adding TV, a 5-angstrom-thick 
undoped Alo. GaN layer was grown and subsequently, add 
ing Cp2Mg, a 20-angstrom-thick Alo, Gao N layer doped 
with Mg to 1x10'/cm was grown, then, stopping Cp2Mg, a 
5-angstrom-thick undoped Alo. Gao N layer being grown to 
form a 30-um-thick third nitride semiconductor layer having 
a large band gap energy. Thereafter, in the same manner, the 
fourth nitride semiconductor layers and the third nitride semi 
conductor layers were formed by turns repeatedly. In 
Example 33, one-hundred-twenty fourth layers and one-hun 
dred-twenty third layers were laminated by turns to form a 
n-side cladding layer 19 of superlattices with a thickness of 6 
lm. 
And finally, a p-side contact layer 20 was grown in the 

same manner as in Example 27 and then, the wafer was 
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removed out of the reactor. The annealing was performed and 
the layers above the p-side cladding layer were etched into a 
stripe ridge geometry. 

Next, as shown in FIG. 8, etching was performed sym 
metrically with respect to the ridge to expose the surface of 
the n-side buffer layer on which a n-electrode was to be 
formed and a n-electrode was formed. On the other hand, a 
stripe p-electrode was also formed on the top surface of the 
ridge of the p-side contact layer 20. Thereafter, in the same 
manner as in Example 27, laser devices were fabricated. The 
threshold current density and voltage decreased by 10%, 
compared to those in Example 27. The continuous emission at 
a wavelength of 405 nm was observed for 2000 hours or more. 
This was mainly because the enhancement of the crystal 
quality in the nitride semiconductors due to the GaN substrate 
100 having less crystal defects. In FIG. 8, in the case of the 
GaN substrate 100 having a thickness of, for example, 80 um 
or more, the layers between an auxiliary substrate 30 and the 
protective film 32 can be omitted. 

Example 34 

With the same procedures as in Example 33, the n-side 
cladding layer was composed of Superlattices with a total 
thickness of 0.6 um obtained by laminating 20-angstrom 
thick undoped GaN layers and 20-angstrom-thick 
Alo, Gao N layers doped with Si to 1x10'/cm instead of 
Superlattices having a highly doped center part. 
On the other hand, the p-side cladding layer 19 was com 

posed of superlattices with a total thickness of 0.6 um 
obtained by laminating 20-angstrom-thick undoped GaN lay 
ers and 20-angstrom-thick Alo, Gao N layers doped with Mg 
to 1x10'/cm instead of superlattices having a highly doped 
centerpart. The other constructions were the same as those in 
Example 33. For the fabricated laser devices, the threshold 
value decreased a little and the lifetime was similarly 2000 
hours or longer, compared to those of Example 33. 

Example 35 

With the same procedures as in Example 33, the n-side 
cladding layer 14 was composed of Superlattices with a total 
thickness of 0.6 um obtained by laminating 25-angstrom 
thick GaN layers doped with Si to 1x10'/cm and 25-ang 
strom-thick undoped Alo. GaN layers respectively by 
turns. On the other hand, the p-side cladding layer 19 was 
composed of Superlattices with a total thickness of 0.6 um 
obtained by laminating 25-angstrom-thick GaN layers doped 
with Mg to 1x10'/cm and 25-angstrom-thick undoped 
Alo, Gao N layers respectively by turns. The other construc 
tions were the same as those in Example 33. The fabricated 
laser devices had similar properties and lifetime to those of 
Example 33. 

Example 36 

With the same procedures as in Example 33, the n-side 
cladding layer 14 was composed of Superlattices with a total 
thickness of 0.6 um obtained by laminating 25-angstrom 
thick GaN layers doped with Si to 1x10'/cm and 25-ang 
strom-thick Alo. GaN layers doped with Si to 1x10'7/cm 
respectively by turns. On the other hand, the p-side cladding 
layer 19 was composed of superlattices with a total thickness 
of 0.6 um obtained by laminating 25-angstrom-thick GaN 
layers doped with Mg to 1x10'/cm and 25-angstrom-thick 
Alo, Gao N layers doped with Mg to 1x10"/cm respec 
tively by turns. The other constructions were the same as 
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those in Example 33. The fabricated laser devices had similar 
properties and lifetime to those of Example 33. 

Example 37 

With the same procedures as in Example 33, the n-side 
cladding layer was composed of a 0.6 m-thick Alo. GaN 
layer doped with Sito 1x10'/cm instead of superlattices. On 
the other hand, the p-side cladding layer 19 was composed of 
superlattices with a total thickness of 0.6 um obtained by 
laminating 25-angstrom-thick GaN layers doped with Mg to 
1x10'/cm and 25-angstrom-thick Alo, Gao Nlayers doped 
with Mg to 1x10"/cm respectively by turns. The other con 
structions were the same as those in Example 33. For the 
fabricated laser devices, the threshold values increased a little 
and the lifetime was similarly 1000 hours or longer, compared 
to those of Example 33. 

Example 38 

With the same procedures as in Example 33, the n-side 
cladding layer and p-side cladding layer were modulation 
doped Superlattices (in which the center part was not highly 
doped and the impurity density was almost even within the 
layer). And the n-side buffer layer 11 was composed of super 
lattices with a total thickness of 2 um obtained by laminating 
50-angstrom-thick AloosGaoss N layers doped with Si to 
1x10'/cm and 50-angstrom-thick undoped GaN layers 
respectively by turns. The other constructions were the same 
as those in Example 33. For the fabricated laser devices, the 
threshold values decreased a little and the lifetime was 3000 
hours or longer, compared to those of Example 33. 

Example 39 

With the same procedures as in Example 33, the n-side 
cladding layer 14 was composed of Superlattices with a total 
thickness of 0.6 um obtained by laminating 20-angstrom 
thick undoped GaN layers and 20-angstrom-thick 
Alo. GaN layers doped with Si to 1x10"/cm respectively 
by turns. The n-side light waveguide layer 15 was composed 
of superlattices with a total thickness of 0.1 um obtained by 
laminating 25-angstrom-thick GaN layers doped with Si to 
1x10'/cm and 25-angstrom-thick undoped AloosGaoss N 
layers respectively by turns. 
On the other hand, the p-side light waveguide layer was 

composed of Superlattices with a total thickness of 0.1 um 
obtained by laminating 25-angstrom-thick GaN layers doped 
with Mg to 1x10'/cm and 25-angstrom-thick undoped 
AloosGaoss N layers respectively by turns. Next, the p-side 
cladding layer was composed of Superlattices with a total 
thickness of 0.6 um obtained by laminating 20-angstrom 
thick undoped GaN and 20-angstrom-thick Alo. GaN lay 
ers doped with Mg to 1x10'/cm respectively by turns. The 
other constructions were the same as those in Example 33. 
For the fabricated laser devices, the threshold values 
decreased a little and the lifetime was 3000 hours or longer, 
compared to those of Example 33. 

Example 40 

Example 40 provides laser devices fabricated using a GaN 
substrate like Example 33. 

That is, the laser devices according to Example 40 were 
fabricated by forming the following semiconductor layers on 
the GaN substrate 100 which was formed in the same manner 
as in Example. 
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First, a 2-um-thick n-side contac-t layer (n-side second 
nitride semiconductor layer) consisting of n-type GaN doped 
Si to 1x10"/cm or more was grown on the GaN substrate 
100. This layer may be composed of superlattices consisting 
of undoped GaN and Si doped AlGaN (0<Xs:0.4). 

Next, after growing the n-side contact layer, at 800° C., 
using TMG, TMI, ammonia and silane gas in the nitrogen 
atmosphere, a 500-angstrom-thick crack preventing layer 
consisting of In GaN doped with Si to 5x10'/cm was 
grown. The crack-preventing layer consisted of n-type nitride 
semiconductor containing In, preferably InGaN. So as to pre 
vent the crack from threading the nitride semiconductor lay 
ers containing Al to be grown thereafter. The thickness of the 
crack preventing layer may preferably range between 1000 
angstroms and 0.5 lum. If the thickness is thinner than 100 
angstroms, the crack preventing layer is difficult to prevent 
cracks. If the thickness is thicker than 0.5um, the crystal itself 
tends to turn into black. 

Subsequently, at 1050° C., using TMA, TMG, ammonia 
and silane gas, a 40-angstrom-thick n-type Alo GaosN layer 
doped with Si to 1x10"/cm and a 40-angstrom-thick 
undoped GaN layer were grown. One-hundred of these layers 
were laminated respectively by turns to grow a n-side clad 
ding layer of superlattices with a total thickness of 0.8 um. 

Subsequently, a 0.1 um thick n-side light waveguide layer 
consisting of undoped AloosGaoosN was grown. This layer 
acts as a light waveguide layer to guide the waves of light 
emitted from the active layer and may be undoped or doped 
with n-type impurity. This layer may be composed of Super 
lattices consisting of GaN and AlGaN. 

Next, a 400-angstrom-thick active layer consisting of 
undoped Inoo, Gaolo N was grown. 

Next, a 300-angstrom-thick p-side cap layer consisting of 
p-type Alo Gao, Ndoped with Mg to 1x10'/cm and having 
a larger bandgap energy than the p-side light waveguidelayer 
to be formed thereafter was grown. 

Next, a 0.1 um-thick n-side light waveguide layer consist 
ing of Aloo GaolooN and having a smaller band gap energy 
than the p-side cap layer was grown. This layer acted as a 
waveguide for the active layer. The layer may be composed of 
Superlattices consisting of nitride semiconductors. In the case 
that the p-side light waveguide layer is composed of Super 
lattices, the band gap energy of the barrier layer having a 
larger band gap energy should larger than that of the active 
layer and Smaller than that of the p-side cladding layer. 

Subsequently, a p-side cladding layer composed of Super 
lattices with a total thickness of 0.8 um obtained by laminat 
ing 40-angstrom-thick p-type Alo GaosN layers doped with 
Mg to 1x10'/cm and 40-angstrom-thick undoped GaN lay 
ers respectively by turns was grown. 

Finally, a 150-angstrom-thick p-side contact layer consist 
ing of p-type GaN doped with Mg to 1x10'/cm was grown 
on the p-side cladding layer. Particularly, in the case of laser 
devices, the p-Side contact layer consisting of nitride semi 
conductors having a small band gap energy is in contact with 
the p-side cladding layer of Superlattices containing AlGaN 
and has a thickness of as thin as 500 angstroms or less. 
Therefore, the carrier density in the p-side contact layer is 
high and a good ohmic contact to the p-electrode is obtained, 
with the result that the threshold current and voltage tends to 
decrease. 
The wafer on which nitride semiconductors were grown in 

the above-mentioned manner was annealed at a given tem 
perature to make the p-type impurity doped layers less resis 
tive and removed out of the reactor. The top p-side contact 
layer and the p-side cladding layer were etched into a ridge 
geometry with a stripe width of 4 lum. Thus, the layers above 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

60 
the active layer had a stripe ridge geometry and the emission 
from the active layer focused under the stripe ridge, with the 
result that the threshold values decreased. Particularly, the 
layers above the p-side cladding layer of Superlattices may 
preferably have a ridge geometry. The annealing method dis 
closed by U.S. Pat. No. 5,306,662 is employed in this 
Example. 

Next, a mask was formed on the surface of the ridge and the 
etching was performed with a RIE apparatus to expose the 
Surface of the n-side contact layer, a stripe n-electrode con 
sisting of Ti and Albeing formed. On the other hand, a stripe 
p-electrode consisting of Ni and Au was formed on the top 
Surface of the ridge of the p-side contact layer. Examples of 
electrode materials to obtain a good ohmic contact to the 
p-type GaN layer may include Ni, Pt, Pd, Ni/Au, Pt/Au, 
Pd/Au and so on. Examples of electrode materials to obtain a 
good ohmic contact to the n-type GaN may include metals 
such as Al, Ti, W. Cu, Zn, Sn or In and alloys thereof. 

Next, insulating layers consisting of SiO2 were formed on 
the exposed surfaces of the nitride semiconductor layers 
between the p-electrode and the n-electrode and a p-pad elec 
trode was formed which was connected with the p-electrode 
electrically via the insulating layers. The p-electrode enlarged 
substantially the surface area of the p-electrode to enable 
wire-bonding and die-bonding of the p-electrode side. 
The wafer on which the n-electrode and p-electrode were 

formed in the above-mentioned manner is transferred to the 
polishing machine. The Sapphire Substrate on whose side the 
nitride semiconductors were not formed was lapped with a 
diamond abrasive to a substrate thickness of 70 Lum. After 
lapping, the surface of the substrate was further polished by 1 
um with a finer abrasive, resulting in the mirror facet and the 
whole surface was metallized with Au?Sn. 

Then, the Au?Sn side was scribed and cleaved into bars 
perpendicularly with respect to the stripe electrode to fabri 
cate a facet of a resonator on the cleaved facet. A dielectric 
multi-layer film consisting SiO, and TiO, was formed on the 
facet of the resonator and finally, the bar was cut parallel to the 
p-electrode, resulting in laser chips. Next, the chips were set 
face-up (in the state that the substrate was faced to the heat 
sink) onto the heat sink and each electrode was connected by 
wire-bonding. The laser oscillation was tried at room tem 
perature. The continuous emissionata wavelength of 368 mm 
was observed at the threshold current density of 2.0 kA/cm 
and the threshold voltage of 4.0V at room temperature. The 
lifetime was 1000 hours or longer. 

Example 41 

The laser device in Example 41 and the following examples 
was fabricated on the basis of the embodiment 4. The 
Example 41 will be described in connection with FIG. 9. 
(Underlying Layer 302) 
The auxiliary substrate 301 made of sapphire with 20-inch 

d and a C-plane was set in the MOVPE reactor and the 
temperature was set to be 500° C. A 200-angstrom-thick 
buffer layer (not shown) made of GaN was grown using 
trimethylgallium (TMG) and ammonia (NH3). After the 
growth of the buffer layer, the temperature was increased to 
1050° C. and a 4-um-thick underlying layer 302 made of the 
same GaN was grown. 
(Protective Film 303) 

After the growth of the underlying layer 302, the wafer was 
removed out of the reactor and a stripe-shaped photomask 
was formed on the Surface of the underlying layer. A 1-m- 
thick protective film 303 made of SiO, was patterned to form 
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10-um-wide stripe windows with a periodicity of 2 um on the 
underlying layer 302 with a CVD apparatus. 
(Nitride Semiconductor Substrate 304) 

After the growth of the protective film 303, the wafer was 
set again in the MOVPE reactor and the temperature was set 
to be 1050° C. A 20-um-thick nitride semiconductor substrate 
made of undoped GaN was grown using TMG and ammonia. 
On the surface of the resulting nitride semiconductor sub 
strate, the crystal defects developed parallel to the stripe 
shaped protective film in the stripe center part of the protec 
tive film and in the stripe centerpart of the window. However, 
when the ridge of the laser device was formed later, the ridge 
stripe was formed not to be on the crystal defects, so as to 
prevent the developing of the crystal defects into the active 
layer and enhance the reliability of the device. 
(n-Side Buffer Layer 311 which Also Functions as a n-Side 
Contact Layer) 

Next, a 5-um-thick n-side buffer layer made of GaN doped 
with Sito 3x10"/cm was grown on the second nitride semi 
conductor layer 4 using ammonia and TMG, and silane gas as 
an impurity gas. 
(Crack Preventing Layer 312) 

Next, a 0.15-m-thick crack preventing layer 312 made of 
In GaosN was grown using TMG, TMI (trimethylin 
dium) and ammonia at 800° C. 
(n-Side Cladding Layer 313-a Super Lattice Layer) 

Subsequently, a 25-angstrom-thick first layer made of 
n-type AloGaos...Ndoped with Sito 1x10"/cm was grown 
using TMA, TMG, ammonia and silane gas at 1050° C. Suc 
cessively, the silane gas and TMA was stopped and a 25-ang 
strom-thick second layer made of undoped GaN was grown. 
The first layer and the second layer may be laminated in the 
order of 1st, 2nd, 1st and so on, to constitute a Super lattice 
layer, resulting in the n-side cladding layer 313 having a Super 
lattice structure and a total thickness of 1.2 Lum. The n-side 
cladding layer made in a Super lattice structure had an Al 
average composition of 8.0% and the product thereof multi 
plied by the thickness was 9.6. 
(n-Side LightWaveguide Layer 314) 

Subsequently, the silane gas was stopped and a 0.1-um 
thick n-side light waveguidelayer made of undoped GaN was 
grown at 1050° C. 
(Active Layer 315) 

Next, the active layer 314 was grown using TMG, TMI and 
ammonia. For the active layer, the temperature was main 
tained at 800° C. and a 40-angstrom-thick quantum well layer 
made of undoped Ino GaosN was grown. Successively, only 
the ratio of TMI was changed and at the same temperature, a 
100-angstrom-thick barrier layer made of undoped 
Inoo, GaogoN was grown. The quantum well layer and the 
barrier layer were laminated alternately so that a barrier layer 
was the last one, resulting in the active layer having a multi 
quantum-well structure and a total thickness of 440 ang 
StromS. 
(p-Side Cap Layer 316) 

Next, the temperature was increased to 1050° C. and a 
300-angstrom-thick p-side cap layer 316 made of p-type 
AloGao,N doped Mg to 1x10'/cm and has a larger band 
gap energy than the p-side light waveguide layer 317 was 
grown using TMG, TMA, ammonia an Cp2Mg (cyclopenta 
dienyl magnesium). 
(p-Side LightWaveguide Layer 317) 

Subsequently, Cp2Mg, and TMA were stopped and a 0.1- 
um-thick p-side light waveguide layer made of undoped GaN 
and having a smaller band gap energy than the p-side cap 
layer 316 was grown at 1050° C. 
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(p-Side Cladding Layer 318) 

Subsequently, a 25-angstrom-thick third layer made of 
p-type Alongaos.N doped with Mg to 1x10'/cm was 
grown at 1050° C. Successively, only TMG was stopped and 
a 25-angstrom-thick fourth layer made of undoped GaN was 
grown, so as to obtain the p-side cladding layer having a Super 
lattice layer with a total thickness of 0.6 um. The p-side 
cladding layer also had an Alaverage composition of 8% and 
the product thereof multiplied by the thickness was 4.8. 
(p-Side Cladding Layer 319) 

Subsequently, a 25-angstrom-thick third layer made of 
p-type AloGaos.N doped with Mg to 1x10'/cm was 
grown at 1050° C. and successively, only TMA was stopped 
and a 25-angstrom-thick fourth layer made of undoped GaN 
was grown, so as to grow the p-side cladding layer 318 having 
a super lattice structure with a total thickness of 0.6 Lum. The 
p-side cladding layer had an average Al composition of 8% 
and the product thereof multiplied by the thickness was 4.8. 
(p-Side Contact Layer 319) 

Finally, a 150-angstrom-thick p-side contact layer 318 
made of p-type GaN doped with Mg to 2x10"/cm was 
grown on the p-side cladding layer 318 at 1050° C. 
The wafer on which the nitride semiconductor was grown 

in the above-mentioned way was annealed in the nitrogen 
atmosphere within the reactor to decreased the resistance of 
the layer doped with a p-type impurity. 

After annealing, the wafer was removed out of the reactor 
and the p-side contact layer 318 which was the top layer and 
the p-side cladding layer 317 were etched into a ridge having 
a stripe width of 4 lum, as shown in FIG. 9, with a RIE 
apparatus. When the ridge Stripe was formed, said ridge was 
formed at the position where the crystal defects did not 
develop on the surface of the nitride semiconductor substrate. 

Next, a mask was formed on the ridge Surface and the 
etching was performed to expose the Surface of the n-side 
buffer layer 311. 

Next, the p electrode 320 made of Niand Au was formed in 
the form of stripe on the outermost surface of the ridge of the 
p-side contact layer 319, while then electrode 322 made of Ti 
and Al was formed in the form of stripe on the surface of the 
n-side buffer layer 311 which had been just exposed. There 
after, as shown in FIG.9, an insulating film 323 made of SiO, 
was formed on the surface of the nitride semiconductor layer 
which were exposed between the p electrode 320 and the n 
electrode 322. Thep pad electrode 321 was formed which was 
electrically connected to the p electrode 320 via said insulat 
ing layer 323. 
The sapphire substrate of the wafer on which the n elec 

trode and p electrode were formed in the above-mentioned 
manner was polished to a thickness of 70L, and then the wafer 
was cleaved into bars perpendicularly to the stripe-geometry 
electrode from the substrate side to fabricate a facet of a 
resonator on the cleaving facet. A multi-layer dielectric film 
consisting SiO, and TiO, was formed on the facet of the 
resonator and finally, the bar was cut parallel to the p-elec 
trode, resulting in laser chips. 
The laser device was set onto the heat sink and each elec 

trode was connected by wire-bonding. The laser oscillation 
was tried at room temperature. The continuous emission was 
observed at room temperature. The FFP of the single laser 
was uniform and the shape thereof was an oval, which was a 
good shape. Concerning the characteristics of the laser 
device, the threshold was decreased by not less than 10% and 
the lifetime was increased by not less than 50%, compared 
with the laser device which we had published in Jpn. J. Appl. 
phys. Vol. 36 (1997). 

Example 42 

With the same procedures as in Example 41 except that the 
n-side cladding layer 313 had a super lattice layer structure 
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with a total thickness of 1.0 Lim which was obtained by 
laminating a 25-angstrom-thick Si-doped n-type 
AloGasoN and a 25-angstrom-thick undoped GaN, the 
laser device was fabricated. The n-side cladding layer had an 
average Al composition of 10.0% and the product thereof 
multiplied by the thickness was 10.0. The laser device had 
almost the same characteristics as that in Example 41. 

Example 43 

With the same procedures as in Example 41 except that the 
n-side cladding layer 313 had a super lattice layer structure 
with a total thickness of 0.7 Lim which was obtained by 
laminating a 25-angstrom-thick Si-doped n-type 
AlGasoN and a 25-angstrom-thick undoped GaN, the 
laser device was fabricated. The n-side cladding layer had an 
average Al composition of 1.0% and the product thereof 
multiplied by the thickness was 7.0. The laser device had 
almost the same characteristics as that in Example 41. 

Example 44 

With the same procedures as in Example 41 except that the 
n-side cladding layer 313 had a super lattice layer structure 
with a total thickness of 0.8 um which was obtained by 
laminating a 25-angstrom-thick Si-doped n-type 
AloGaossN and a 25-angstrom-thick undoped GaN, the 
laser device was fabricated. The n-side cladding layer had an 
average Al composition of 6.0% and the product thereof 
multiplied by the thickness was 4.8. The threshold of said 
laser device was decreased by not less than 5% and the life 
time was increased by not less than 20%, compared with the 
laser device which we had published in Jpn. J. Appl. phys. 
Vol. 36 (1997). 

Example 45 

With the same procedures as in Example 41 except that the 
n-side cladding layer 313 had a super lattice layer structure 
with a total thickness of 1.4 um which was obtained by 
laminating a 25-angstrom-thick Si-doped n-type 
Aloo, Gaolo N and a 25-angstrom-thick undoped GaN, the 
laser device was fabricated. The n-side cladding layer had an 
average Al composition of 3.5% and the product thereof 
multiplied by the thickness was 4.9. The laser device had 
almost the same characteristics as that in Example 41. 

INDUSTRIAL APPLICABILITY 

As mentioned above, the nitride semiconductor devices 
according to the present invention are composed of Superlat 
tice layers in the domain of the p-type nitride semiconductor 
or n-type nitride semiconductor except for the active layer, to 
improve the electric power efficiency extremely. 

That is, in the conventional nitride semiconductor devices, 
the active layer having a multi-quantum-well-structure has 
been proposed. However, the layer Such as the cladding layer, 
which was on the either side of the active layer, has been 
usually composed of a single nitride semiconductor layer. In 
the nitride semiconductor devices according to the present 
invention, the cladding layer or the contact layer injecting 
electric current is composed of Superlattice layer which 
shows quantum effect to reduce the resistivity of the cladding 
layer side. Therefore, the threshold electric current and the 
threshold voltage of LD devices can be low and the lifetime 
thereof can be long. Moreover, the conventional LED has 
been weak to the static electricity, but the devices according to 
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the present invention can have a good electrical static dis 
charge survivability. Thus, since Vf and the threshold voltage 
can be low, the calorific value can be small and the reliability 
of the devices can be enhanced. The nitride semiconductor 
devices according to the present invention can be applied to 
emitting devices such as LED and LD, as well as solar cells 
using nitride semiconductors, light sensors, transistors and so 
on, to realize devices with very high efficiency and the indus 
trial applicability is very wide. 
What is claimed is: 
1. A nitride semiconductor device comprising an n-side 

semiconductor region comprising nitride semiconductor lay 
ers, a p-side semiconductor region comprising nitride semi 
conductor layers and an active layer of a nitride semiconduc 
tor between said n-side semiconductor region and said p-side 
semiconductor region, the active layer having a multiple 
quantum well structure comprising nitride semiconductor 
layers containing In, 

wherein said n-side semiconductor region has an n-side 
Super lattice layer comprising one or more first nitride 
semiconductor layers and one or more second nitride 
semiconductor layers each having a different composi 
tion and each of said first nitride semiconductor layers 
and each of said second nitride semiconductor layers 
being laminated alternately, said n-side Super lattice 
layer comprising at least three layers laminated in the 
order of the first nitride semiconductor layer, the second 
nitride semiconductor layer and the first nitride semi 
conductor layer, or in the order of the second nitride 
semiconductor layer, the first nitride semiconductor 
layer and the second nitride semiconductor layer, 

wherein said p-side semiconductor region has a p-side 
Super lattice layer comprising one or more third nitride 
semiconductor layers and one or more fourth nitride 
semiconductor layers each having a different composi 
tion and each of said third nitride semiconductor layers 
and each of said fourth nitride semiconductor layers 
being laminated alternately, the third nitride semicon 
ductor layers being made of a nitride semiconductor 
containing Al. 

2. The nitride semiconductor device according to claim 1, 
wherein the third nitride semiconductor layers are made of 
AlGaN (0<Xs 1) and the fourth nitride semiconductor 
layer are made of AlGaN (0sYs 1, Y-X) or In-GalN 
(0sZs1). 

3. The nitride semiconductor device according to claim 2, 
wherein the fourth nitride semiconductor layer are made of 
In-GatN (0sZs 1). 

4. The nitride semiconductor device according to claim 3, 
wherein the first nitride semiconductor layers are made of 
AlGaN (0<Xs 1) and the second nitride semiconductor 
layer are made of AlGaN (0sYs 1, Y-X) or In-GalN 
(0sZs1). 

5. The nitride semiconductor device according to claim 4, 
wherein the n-side Super lattice layer has a thickness larger 
than that of the p-side super lattice layer. 

6. The nitride semiconductor device according to claim 5, 
wherein layers of one party of the third semiconductor layers 
and the fourth semiconductor layers have a thickness of 100 
angstroms or less. 

7. The nitride semiconductor device according to claim 6, 
wherein the fourth semiconductor layers are made of GaN. 

8. The nitride semiconductor device according to claim 7. 
wherein p-side nitride semiconductor region comprises a 
p-side cladding layer and a p-side contact layer having a 
thickness of not more than 500 angstroms, the p-side cladding 
layer being the p-side Super lattice layer. 
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9. The nitride semiconductor device according to claim 5, 
wherein layers of one party of the first semiconductor layers 
and the second semiconductor layers have a thickness of 100 
angstroms or less. 

10. The nitride semiconductor device according to claim 9, 5 
wherein the second semiconductor layers are made of GaN. 

11. The nitride semiconductor device according to claim 4. 
further comprising a Substrate, a first buffer layer, a second 
buffer layer and an n-side contact layer, wherein the second 
buffer layer or the n-side contact layer is said n-side Super 10 
lattice layer. 

12. The nitride semiconductor device according to claim 
11, wherein layers of one party of the third semiconductor 
layers and the fourth semiconductor layers have a thickness of 
100 angstroms or less. 

13. The nitride semiconductor device according to claim 
12, wherein the fourth semiconductor layers are made of 
GaN. 

14. The nitride semiconductor device according to claim 
13, wherein p-side nitride semiconductor region comprises a 
p-side cladding layer and a p-side contact layer having a 
thickness of not more than 500 angstroms, the p-side cladding 
layer being the p-side Super lattice layer. 

15. The nitride semiconductor device according to claim as 
11, wherein layers one party of the first semiconductor layers 
and the second semiconductor layers have a thickness of 100 
angstroms or less. 

16. The nitride semiconductor device according to claim 
15, wherein the second semiconductor layers are made of so 
GaN. 

17. The nitride semiconductor device according to claim 4, 
wherein the first semiconductor layers arc made of GaN and 
the second semiconductor layers are made of InCaN. 

18. The nitride semiconductor device according to claim is 
17, wherein the n-side super lattice layer contacts with the 
active layer. 
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19. The nitride semiconductor device according to claim 

18, wherein layers of one party of the third semiconductor 
layers and the fourth semiconductor layers have a thickness of 
100 angstroms or less. 

20. The nitride semiconductor device according to claim 
19, wherein the fourth semiconductor layers are made of 
GaN. 

21. The nitride semiconductor device according to claim 
20, wherein p-side nitride semiconductor region comprises a 
p-side cladding layer and a p-side contact layer having a 
thickness of not more than 500 angstroms, the p-side cladding 
layer being the p-side Super lattice layer. 

22. The nitride semiconductor device according to claim 
18, wherein layers of one party of the first semiconductor 
layers and the second semiconductor layers have a thickness 
of 100 angstroms or less. 

23. The nitride semiconductor device according to claim 
22, wherein the second semiconductor layers are made of 
GaN. 

24. The nitride semiconductor device according to claim 2, 
wherein the first nitride semiconductor layers are made of 
AlGaN (0<Xs 1), the fourth nitride semiconductor layers 
are made of AlGaN (0s Ys 1, Y<X) and the second 
nitride semiconductor layers are made of AlGa-N 
(0s Ys 1, Y<X) or In-GalN (0s Zs 1). 

25. The nitride semiconductor device according to claim 
24, wherein the n-side Super lattice layer has a thickness 
larger than that of the p-side Super lattice layer. 

26. The nitride semiconductor device according to claim 
24, further comprising a Substrate, a first buffer layer, a sec 
ond buffer layer and an n-side contact layer, wherein the 
second buffer layer or the n-side contact layer is said n-side 
Super lattice layer. 

27. The nitride semiconductor device according to claim 
24 wherein the first semiconductor layers are made of GaN 
and the second semiconductor layers are made of InGaN. 
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